MANUAL OF FRACTURES 


TREATMENT BY 

EXTERNAL SKELETAL HXATION 

By 

C. M SHAAR, M D , F A C S 

Capcsin, Medical Coq« United States Navy 
and 

FRANK P KREUZ, JR , M D , F A C S 

Lieuteoant Commander, Medical Corps, United States Navy 


ILLUSTRATED 


W. B. SAUNDERS COMPANY 

PHILADELPHIA AND LONDON 
194? 



Cop'npM. l*in I V tt » 


Potnpu} 


r(|rr>(>l <n »«»lkel»«mi«t«»i»»C«r>n4(J<l Ip. 


AH nt*li. P«myn} 

m»v to c f»proilu~.| in uy aanii.r 

•nihwut ontim from tho puhlu.h»r 

isii 



PKCwtOr 

« u BdxticiLicnuriNr 

raiunFLPiiix 



DEDICATED 

To 

The memory of the United States naval medical 
officers and hospital corpsmen who ha\e lost their 
lives in the service of their country 



FOREWORD 


It IS with real pleasure that I write a brief word of intro- 
duction to this manual on fracture treatment 
The violence of preaent-daj warfare presents dozens of 
problems to the surgeon who must handle bone injuries 
Through the years there has been great discussion as to the 
best methods of handling fractures of all types Today 
there is much the same keen interest, and it is to be hoped 
that before this war is over many of these questions will 
ha^e been settled 

The subject “External Skeletal Fixation,” which is the 
subtitle of this \olume, is a particularlj pertinent and vital 
one to the naval surgeon The motion of a ship at sea, the 
necessity of precipitate evacuation of wounded and their 
handling in small boats, arc factors which militate against 
traction and suspension m fracture treatment All steps to- 
ward more efficient technique m the integral fixation of long 
bones and the mandible are to be encouraged 
I take this opportunity of expressing my personal pride 
in this timely and well written manual by Captain C M 
Shaar. Jledical Corps, USN, and Lieutenant Commander 
Frank P Kreuz Jr , Medical Corps, U It is a real con- 
tribution and much good should come from it 

Ro5S T MclNTIRE 
Rear Admiral, Medical Corps, US 
The Surgeon Gencrol of the Naiy 



PREFACE 


The title of this book is not intended to convey the im- 
pression that the first or most important method of treating 
fractures is external fixation to the exclusion of other 
methods The book has been -written to meet the current 
need for the treatment of fractures -where other methods are 
not practicable In this -way the constant endeavor has 
been to present a handbook for the surgeon and a guide 
for the beginner interested in the field of external fixation 

The fundamental principles of treating fractures are re- 
duction, retention in proper position, and restoration of 
function The accepted methods for the treatment of frac- 
tures are fixation m a plaster cast, skeletal traction inter- 
nal fixation and external fixation Good results with any 
method will depend upon accurate knowledge of the normal 
and the pathologic anatomy of fractures, a clear under- 
standing of the fundamental principles involved, and upon 
the ability of the surgeon — ^not merely on the use of certain 
methods or appliances 

Although the plaster cast is ideal in certain selected cases 
and for fractures that are easily reduced and retained m 
proper position, skeletal traction is essential m the treat- 
ment of certain groups of cases Its use at sea, however, has 
been seriously handicapped by the pendulum motion (of the 
traction and Countertraction weights) which is caused bj 
the rolling and pitching of the ship An antipendulum frac- 
ture frame -iras designed by one of us in 1D29 to overcome 
this handicap and one chapter in our manual is devoted to 
a description of this method While this method is very use- 
ful in peacetime, it is not practical in time of war If a naval 
battle is impending or in progress, the patient maj be forced 
to disentangle himself from the lines, weights and pullejs 
The plaster cast applied to n lower extremity presents seri- 
ous handicaps at sea If applied aboard ship, or on the extrem- 
ity of a patient who wall have to be transported across the 
soa, the cast will become an anchor if the patient suddenly 
has to abandon ship 
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Internal fixation likewise has certain important indica- 
tions and is practicable at base hospitals, but not at sea 
in time of war or in hospitals where teamwork, organization 
and control of asepsis and antisepsis are imperfect 
External fixation, however, is ideal for use at sea and in 
mobile hospitals where transportation of patients becomes 
necessarj In selected cases it has proi ed its special merit in 
some of our base hospitals Of the various methods of ex- 
terna! fixation, we prefer the Stader reduction and fixation 
splint If the correct technique is used With meticulous 
attention to detail, the results wnll be most satisfactory 
Incorrect anatomical principles and faulty technique will of 
course yield poor results 

In the following chapters a detailed description of the 
methods we have been using for the past two years will 
be given A chapter is included on roentgepographic study 
of bone reaction and changes around pin holes and frac- 
ture sites by Laeutenant Commander Stephen L Casper, 
MC V(S) , U S N R , and there is a chapter on the method 
and type of anesthesia we emplo} in the reduction of frac- 
tures bj Lieutenant Commander Donald E Hale, MC-V(S), 
USNR 

We cannot too deeply express our appreciation and grati- 
tude to our assistants, especially Lieutenant Donald T 
Jones, MC-V{S), USNR, for their help and cooperation 
and for their splendid work in treating a large number of 
fractures bv this method, and to Commander J S Barr 
JIC-V(S) USNR, for his constructive criticisms m re- 
viewing the text We are grateful also to Commander 
George U Pillmore, MC-V (S) , U S N R , for his assistance 
in the preparation of the x ray pictures presented in this 
manual, and to Willard Maginnis, Pharmacist's Mate 3/c, 
USNR, hospital photographer, Thelma Barringer, for 
some illustrations and Luole Childs, for secretanal help 
We wish also to express our thanks to the publishers for 
tbeiT helpful courtesy and cooperation m the production of 
this work 

C M Shaab. 

Frank P Kreuz 
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SECTION I 


EXTERNAL SKELETAL FIXATION- 
GENERAL CONSIDERATIONS 


CHAPTER I 

INTRODUCTION AND OBJECTIVES OF TREATMENT 

In the treatment of fractures, the fundamental principles 
of accurate reductton, ngtd uninterrupted fixation, and 
early restoration of function are the bases of good results 
It IS not sufficient to know that the fracture is simple or 
compound, transverse or oblique, spiral or greenstick, im- 
pacted or comminuted, or whether it enters the joint In 
addition, an accurate appraisal of injury to soft tissues, 
especially the blood vessels and nerves, is imperative The 
importance of x-raj examinations before and after reduc- 
tion and during the period of follow up, and the selection 
of the proper type of anesthesia for reduction cannot be 
overemphasized 

Fractures, whether m civilian life or militarj service, are 
not infrequently associated with other injuries The primary 
objective in treatment is therefore first to save life, then limb, 
and fmallj to restore the limb to normal or useful func- 
tion The initial effort should be directed toward control- 
ling the shock and hemorrhage which are present in all 
major fractures Various degrees of bums raaj also com- 
plicate the fracture, especially m the military services It 
IS in this combination of injuries that external fixation be- 
comes the ideal method While the proper treatment of the 
fracture is being applied, the treatment of the bum will 
not be interfered with 

In the military service, it is not only the best method of 
treatment that must be considered, but one that permits 
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treatment of a Jarge number of casualties in a limited time 
A satisfactory method is one that is simple to apply, gives 
rigid fixation, allots the patient to become ambulatory in 
days instead of months, facilitates transportation of the pa* 
tient, requires a minimum amount of nursing care, is 
reasonably comfortable, and permits immediate active mo- 
tion n ithout fixation of the adjacent joints External fixa- 
tion 13 the method of choice when it becomes necessary to 
transport fracture casualties over long distances whether 
on the field or at sea The Stader splint seems to fulfill 
these requirements \ery satisfactorily 
External fixation is neither a substitute for, nor a short- 
cut to the science of fracture treatment As in the case of 
any other method, the successful approach to the manage- 
ment of fractures by external fixation will depend upon the 
surgeon’s knowledge of the anatomic, physiologic and path- 
ologic aspects of fractures as well as his mechanical ability 
Because the treatment of fractures is essentially a me- 
chanical problem, the surgeon must possess a thorough 
knowledge of the stresses and strains that must be o\er- 
come and maintained to reduce fractures effectiiely, and to 
hold this reduction until solid bony union has occurred The 
Stader splint ivill greatly facilitate the solution of these 
mechanical problems Its usefulness may be increased by 
the ingenuitj and skill of the surgeon 
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HISTORICAL APPROACH 

In 1897 Clayton Parkhill, an American surgeon, in- 
serted scre^ s from cortex to cortex and then connected the 
screws with an external clamp in treating difficult fractures 
of the femur This apparatus became know n as the Park- 
hill bone clamp He was the first surgeon to recommend 
and employ rigid external fixation in the treatment of frac- 
tures of the long bones 

It was not until 1904 that Codivilla employed the prin- 
ciple of pins in leg-lengthening operations TTiese he con- 
nected with external bars without the use of plaster After 
the advent of the Steinmann pin, \ar 10 u 5 interpretations of 
its adaptation, especially with regard to external fixation 
of the pins with plaster or mechanical devices, were pub- 
lished bj manj The literature pertaining to the use of the 
pins or screws inserted into bone fragments abo\e and be- 
low the fracture for the purpose of external fragment 
reduction control and subsequent fixation, is so \oluminous 
(see supplementary Bibliographj ) that it maj be well to 
discuss briefl>, in general the \anous methods so that the 
student of fracture treatment can visualize more cleirlj the 
evolution of the advancements that have taken place 

Until the principles of the Steinmann pm were described 
b> Codivilla in 1904, the treatment of fractures meant the 
use of plaster of pans or various methods of external trac- 
tion and countertraction 

With the advent of skeletal traction, popularized b\ Stein- 
minn, the next noteworthj advance was the incorporation 
of the Steinmann pins or Kirschner wires in plaster for the 
so called transfixation of the fragments BShler’s contribu- 
tion during this phase was outstanding His use of a simple 
reduction frame and screw traction apparatus, m conjunc- 
tion with pins or wire, introduced a new era in accepted 
s 
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fracture treatment His persistent efforts and successes 
were chiefly responsible for the gradual elimination of pin 
phobia held then by many surgeons and still retained by 
some today His simple reduction frame is the basis for 
many of the elaborate devices now offered the traumatic 
surgeon 

In 1919 Freeman published an article advocating the use 
of external fixation in the treatment of fractures He 
pointed out and emphasized the advantages of this method 
I/amare described half pins placed at an angle to each other 
which were similar in principle to those used by Schantz 
and later by Riedel in femoral osteotomies, and used suc- 
cessfully in this country by Anderson in treating fractures 
of the femur 

During the period of transftxation of fractures to elimi- 
nate the necessity of continuous traction, efforts were also 
being made to eliminate the necessity for the nse c4 Ttoster 
itself 

Although Codivilla and others bndged Steinmann pins 
with external metal bars, the method never became popular 
because of the through-and-through pinning required 
Lamare, in a description of angular pins placed through the 
outer and Inner cortices only, which he bridged in units by 
means of metal bars, opened the approach to an external 
mechanical method of treating fractures, which could be 
applied to one aspect of the limb only, thereby eliminating 
the objectionable through and through pinning, and plaster 

Recognizing the greater necessity for the elimination of 
piaster m the treatment of fractures m dogs, because of 
plaster soilage, cast destruction by the animal, and the dif- 
ficulty of applying plaster and maintaining immobilization, 
as well as the too often occurring gangrenous sequelae, 
Stader developed a unique device for the treatment of frac- 
tures, in which he combined mechanical reduction and sub- 
sequent immobilization in a single compact unit 

Stader first presented the advantages of his splint to us 
in December, 1941 Since that time we have used it in over 
157 cases of various types of fractures and orthopedic 
problems We realize that this small number of cases and 
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the short time interval do not speak for a final evaluation 
of the method employed, but we feel that the present war 
emergency requires one to bring before the medical profes 
sioTi and the armed services, as quickly as possible anj 
method of merit for caring for the injured 



CHAPTER III 
SHOCK IN FRACTURES 

In combat zones there are many factors that predispose to 
and aggravate shock — factors that are seldom seen in peace- 
time Fear, anxiety, exposure to cold or heat dehydration, 
o%erexertion, hunger, long hours of duty, and lack of rest 
are important contributing factors in war Not infrequently , 
one sees a man only slightly wounded in battle who is suffer- 
ing from shock In the light of these facts it is important 
for the medical personnel to be able not only to recognize 
shock, hut to recognize it in its impending and early stages 
Laboratory methods are not available on the battlefield and 
there and aboard ship in time of action diagnoses should be 
made on the clinical findings only , any change from the 
normal that becomes progressively orse should be a suf- 
ficient warning of impending danger 
Shock m mayor fractures is early and profound Loss of 
fluids in compound fractures is continuous and in all but 
the mild cases the administration of at least two pints of 
plasma is indicated The earlier it is given, the more effec- 
tive the results will be In severe cases larger quantities 
of plasma are required and the continuation of its adminis 
tration is necessary until the shock is overcome 

In the first World War the death rate m major com- 
pound fractures especially of the femur, was appalling The 
mortality was not reduced until the introduction of the 
Thomas splint, which made possible the immediate immobil 
ization of fractures This decreased the mortality to such a 
low level that the well known slogan of "splint them where 
they he" became popular among all physicians This em- 
phasizes the importance of immediate immobilization as an 
adjunct to the administration of plasma and morphine in 
combating shock 

It IS needless to emphasize the necessity of immediate 
control of hemorrhage and the administration of a sufllcient 
amount of morphine to completely relieve pain 
6 
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PRINCIPLES OF THE STADER REDUCTION AND 
FIXATION SPLINT 

The SHder reduction and fixation splint requires no ex 
tension apparatus no special frame or fracture table and 
no plaster cast It is a self-contained reduction and fixation 
unit for fractures complete in itself The splint consists of 
a half pm unit placed m the proximal fragment and a 
second half pm unit in the distal fragment An adjustable 
connecting bar assembly joins the two half pm units to each 
other and bridges the fracture By acti\ atmg the turnbuckle 
in one direction the fragments are distracted By activating 
it in the opposite direction the fragments are 'ipposed Re 
duction maneuvers are performed bj activating certain 
screws 

\D\ VNTACtS OF THE ST\DER SPLINT 
The outstanding advantages of the Stader reduction 
splint are the simplicity of the reduction mineuvers coupled 
With its compactness its relatively light weight and the fact 
that it is applicable to one aspect of the fractured Jimb only 
The fact that the adjustable connecting bar assembly re- 
mains after reduction and then nets as the splint has the 
further ndvantnge of enabling one to mike any desired ad 
justments at the bedside without removing the patient to 
a special bulky reduction frame This adv nntage is of special 
value for example in leg lengthening operations and other 
operativ e procedures met with in bone surgery 
With the Stader splint, therefore it is entirely feasible 
and mav often be desirable aboard '«hip and m field hos 
pitals to apply the splint as a reduction and immobilizing 
agent. If secondary adjustments are necessary, they may 
be performed later m a base hospital under fluoroscopic 
control without “objecting the patient to any further sur- 
gical procedures 

7 
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We subscribe fully to Bradford s statement v?herein he 
points out the shortcomings of definite skeletal fixation He 
states Any form of treatment that tends to fix fracture 
ends m a position of distraction, cannot fail to delay and 
prevent union since the pins allow no backward slipping 
and their position is locked in place Mechanical fixation 
should become a treatment of persistent controlled impac- 
tion which offers an advantage over any other method avail- 
able except those suitable for walking casts Lambotte an- 
ticipated this principle over forty years ago ” 

Bohler’s success with walking calipers m tibial fractures 
IS due chiefly to the continuous impaction of the fragments 
obtained Similarly, the impacting adjustability of the 
Stader splint, without fragment disalignment, is a distinct 
advantage 

The complete articular freedom above and below the frac- 
ture afforded fay the Stader splint decreases to a minimum 
the joint disabilities so often observed where joints have 
been immobilised over long periods of time The active mo- 
tion possible enhances circulation, reduces soft tissue 
atrophy, favors early union, adds greatly to the patient’s 
comfort and m most instances renders the patient ambula- 
tory from the first postoperative day This last mentioned 
advantage is of special significance in wartime, as it per- 
mits evacuation of patients from danger zones, either by 
themselves or with a minimum of assistance 



CHAPTER V 


PIN SEEPAGE 

The most serious objection to external fixation is the pos 
sibilitj of infection from the use of pins We have had no 
infections from pins in 167 consecutive cases One must 
however, differentiate between ordinary pm seepage and 
actual infection about the pm sites A small amount of seep 
age occurs in about 10 per cent of cases and those accus 
tomed to the use of pins and wares for traction and trans- 
fixation in the treatment of fractures will have no difficulty 
in evaluating the significance of the drainage about the ptns 
in every case The inexperienced however will tend to \ lew 
with undue alarm e^en the slightest drainage and encrusta 
tion and may remoNe the pins pretnaturelj Premature 
disruption of fixation ma> cause serious complications 
especially in compound fractures where uninterrupted im 
mobilization is essential 

A certain amount of pm seepage must be accepted as a 
necessarj evil whenever pms or wires are used but its inci 
donee can be limited to a negligible factor if necessary pre- 
cautions are used 

THL CAUSES OF PfN SEEPAGE 
1 'Moeraent of the Skm about the Pins 

\Vhcne\er pins are inserted m locations where motion 
exists between the skin and the pms the incidence of pm 
drainage will be increased, e g near joints where skin mo- 
tion is excossi\e The skm wound produced bj penetration 
of a pm through it cannot heal under the irritating effect 
of constant mo\ement and will therefore produce a dis 
charge The elective sites for insertion of pins adjacent to 
joints must therefore correspond to those areas where un 
due skm motion does not occur 
9 
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2 SKin Tension 

Abnormal skm tension or pressure about the pins causes 
necrosis of the surroundmgr slun with its resultant dis 
charge The most important factors producing skin tension 
are 

a Improper drilling of the pttis 

The angular direction of the pm insertions tends to 
slide the skin in the direction of the pm and thus 
cause a “puckering” of the skin This can be prevented 
b> directing the pin transversely through the skin to 
the bone before drilling into the bone Sliding the pm 
along the longitudinal axis of the bone must also be 
avoided as it carries all the soft tissues with it and pro 
duces abnormal tension of the skin and soft tissues 
b Failure to alloio for skin tension produced bp traction 
Before the second pm nml is applied, the cpperatet 
must always “relax the skm” between the pins, so that 
when traction is applied there will be no skin tension 
This principle must also be taken into consideration 
during the insertion of the second pm of each pm unit 
In the case of fractures of the os calcis for instance, a 
pm IS inserted into the os calcis hrst and manual trac- 
tion 18 applied bj grasping the U shaped bar so as to 
stretch the skin before inserting the tibial pins These 
simple precautions will greatly decrease the incidence 
of pm seepage resulting from skm tension 

3 Loose Pms 

a The most important single factor causing a loose 
pm IS the improper seating of the pins Pins that do not 
penetrate both cortices will aUvaya be loose, therebj de 
testing the mechanical principles of external fixation it- 
self as well as producing pin seepage It must be repeated 
over and over again that external fixation wll fail if the 
pms do not pcncfrafc both cortices 
b Unsteadj or improper drilling of the pins into the 
bone produces a channel larger than the pm Itself and 
predisposes to loosening of the pins and pm seepage 
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c. Pins should never be inserted into markedly de- 
mineralized or soft cancellous bone because they will not 
hold unless supported by a pls^ter cast. When left unsup- 
ported, such pins will quickly loosen and cause seepage 
and instability of the splint. 

4. Insertion of Pins in the Fracture Hematoma 

It is not always possible to determine the size of the 
fracture hematoma, which in many cases may extend a 
great distance along the shaft When pins penetrate the 
hematoma an external exit is produced, and during the 
leukocytic stage of tissue repair the discharge may be 
confused with actual suppuration. One should, therefore, 
always insert the pins as far away from the site of the 
fracture as possible. 

5. Insertion of Pins Through Traumatized or Devitalized 

Soft Tissues 

Whenever pins are inserted through traumatized or 
devitalized soft tissues, the incidence of pin seepage is 
increased, and the discharge usually subsides as the stage 
of repair progresses. Unless pins are inserted through 
normal tissue, external fixation is usually contraindicated 
as it predisposes to infection. 

6. Local Irritating Factors 

a. Constant irritation of the skin about the pin sites by 
topical application of antiseptics or by various bulk>’ 
dressings tends to prevent healing of the traumatized skin 
and increases the pin seepage. Wet dressings should also 
be avoided. It is best to keep the pin sites ns well as the 
corresponding pin bars drj'. They may be protected by 
drj' sterile dressings when necessary. The drj* crust 
which forms about the pins is nature’s protective wall 
and should not be removed. 

b. Failure to properly remove the hair about the pin 
sites may cause the hair to be forced into the pin sites 
during the drilling and thus act as a foreign body. 

c. Failure to clean pin of any irritating material after 
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its emergence from the pin bar, and prior to skin pene 
tration, may result in the forcing of this material into 
the wound 

7 Thermal Necrosis 

Too rapid drilling of a sharp pin, or prolonged drilling 
of a dull pm ^VllI result in thermal injury to bone and 
soft tissue The effect of this thermal injury manifests it- 
self clinically m excessive seepage and in some cases in 
the formation of a "nng ' bone sequestrum The use of an 
electric drill is contraindicated for this reason The flexi 
blc shaft hand operated drill has pro\ ed to be ideal for 
pm insertion 

8 Electrolysis 

There is evidence to support the belief that whenever 
pins are connected by a metal of different electrical po- 
tential, a current is generated which tends to increase the 
incidence of pm seepage When a nonmetalhc pm bar is 
used, the electric current does not pass from one set of 
pins to the other, and the incidence of pm seepage is 
greatly reduced A more detailed study of this phase of 
seepage appears m Chapter XXIV 
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THE STADER SPLINT 


CHAPTER VI 

MECHAMCAL PRINCIPLES ANT> METHOD OF 
APPLICATION 

To iamiharize the reader njtb the mechanical principles 
and method of application of the Stader splint, v>e ha%e 
selected fractures of the ttbm for the presentation This 
selection was made for two reasons, namely, the ease of the 
application of the Stader splmt m this fracture and the fre- 
quency of the fracture — factors which combine to cause the 
splint to be used more frequently on the tibia than on any 
other bone 


MEaiAMCAL PRINCIPLES 

The splmt consists of two half-pin units, one placed in 
the proximal fragment and the other in the distal fragment 
(Figs 1, 2, 8, 4) The half-pin units are joined by the ad 
justable connecting bar assembly (Fjg 2, Z) which bridges 
the fracture On either end of the connecting bir assembU 
IS the mechanical reduction unit consisting of (2) a stud 
bolt (Figs 2, 3, D) which connects the mechanism to the 
pm bar; (2) a pair of adjustable screws (Figs 2, 3, 4, F) 
which acti\ate the pin bar and fragment m one plane, (3) 
a second pur of adjusting screws (Figs 2, 3, 4 G) at right 
angles to the first pair which actuate the pin bar and frag 
ment m the opposite plane 

In this manner, both proximal and distal fragments are 
mechanically controlled m each plane (Fig 7) Byacti\at- 
mg the tumbucUe (Figs 2, 3, 4, H) in one direction the 
fragments are distracted By actuating it m the opposite 
13 




Tig 2 . — Schematic drawings of Stader reduction splint A, Stain- 
less steel pins 1/, I’m bloehs C, Set screw locking pins. D, Ilingc bolt 
E, Kut attaching pin block to hinge bolt F, Mediolateral adjusting 
screws G, Anteroposterior adjusting screws /f. Adjustable connecting 
bar /, Lock nuts locking bar It. Z, Adjustable connecting bar as 
serably 
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direction, the fragments are apposed. The lock nuts (Figs 
2, 3, 4, /) lock the turnbuckle and prevents rotation of the 
fragments. 



Fij;s 3 and 4 . — The Stader splint viewed from both sides, showing 
mechanical application to tibia. Pins numbered /, S, S, 4 in order of 
their insertion Into the bone D, Bolt connecting half-pin unit to ad* 
/astietff itK^^fisntsnt. f, ytrf/ffsinTg* sc n fwy wAfcA ciJiTfn?/ psn Aar and 
fragment in opposite plane. //, Turnbuckle. /, Lock nut to secure tum- 
bucUe to adjusting mechanism. 

SIETIIOU OF APPLICATION 

The pins are designated as 1, 2, 3, and 4. according to the 
sequence of their insertions. The proximal pin unit is ap- 
plied first, in the following manner: The firstt pin is passed 
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through the hole in the pin bar (Fig 5) and inserted di 
rectly through the skin to the bone about one fingerbreadth 
below the knee joint After the pm is firmly seated, the pm 
bar must be held parallel with the long axis of the proximal 
fragment (Fig 5) during the drilling of the pm through 
the bone The pins must always penetrate both cortices If 
this important fundamental rule of pm insertion is not 
adhered to, firm fixation of the pin umt to the fragment will 
not be accomplished 



Fig 5— The first pm is inserted with fiexible shaft drill Pin bar held 
parallel to the proximal fragment. 


The pins should be drilled as follows 

1 Emp!o> a hand-operated drill with a flexible shaft 
(Fig 8) The use of elcctncally dn\en drills is contraindi- 
cated (see Chapter XXIV) 

2 Exert firm stead} pressure This is best accomplished 
by resting the elbow on the chest during the act of drilling 

3 Drill through outer cortex and medullary canal to the 
inner cortex before stopping 

4 The operator non knows that only ^ to % inch of fur- 



MECHANICAL PRINCIPLES AND METHOD OP APPLICATION 17 


ther drilling is necessary for the pin to penetrate the oppo- 
site cortex. As the pin emerges through the opposite cortex, 
a definite diminishing resistance is easily felt. 

The second pin is inserted in similar fashion, but before 
drilling make certain that the pin bar is held parallel to the 
long axis of the proximal fragment and at least one finger- 
breadth from the skin (Fig. 5), to allow for swelling that 
may ensue. 

The two pins are now locked in the pin bar by tightening 
the set screws (Fig. 6). Before applying the distal half-pin 



Fig. C — Universal vTcnch for locking pins into pin bar. 


unit, the rotational de/ormitj'of the distal fragment should 
be corrected by hand. “While held in this position, the third 
pin (the one nearest the ankle joint) is drilled about one 
fingerbreadth above the ankle joint, care being taken to 
observe the same rules detailed for the upper pin unit. The 
fourth pin is then drilled in like manner. If the pin units 
have been properly placed they will assume parallel align- 
ment to each other. Before the connecting bar assembly is 
attached, all of the \'ariou‘» adjusting screws should be un- 
screwed to their maximum limits. 
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The m'^jor displacement of the fragments is nov. reduced 
bj hand manipulation of the pm bars With the pm bars 
held in the desired position the connecting bar assembly is 
attached and all adjusting screws are tightened b> hand 
only Anj remaining obvious deformities may now be cor 
rectcd bj manipulating the proper adjusting mechanism As 
a final procedure all adjusting screws and nuts are tight 
ened firmly with the aid of wrenches 

\ raj examinations may be made immediatelj, or at the 
first opportunitj Accurate reduction of the fragments can 
be obtained under fluoroscopic guidance but the opeiator 


Fig 7— To correct the nbove displacement loosen adjusting screw 
F 2 and screw down F * A Pin unit B TombucUe 

must keep in mind the dangers to himself from overexpo 
sure to X ra> especially if he is called upon to treat a large 
number of fractures in a short period of time Usually 
routine x raj pictures are a sufficient guide to complete the 
reduction 

As a general rule it is best to obtain complete reduction 
at the first operation while the patient is still under the 
initial anesthesia It maj become necessary in certain se 
lected cases to delaj complete reduction until a later date 
The condition of the patient excessue swelling and damage 
to soft tissue and marked o\erriding of fragments are in 
fluencing factors In cases of overriding with excessive 
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swelling it IS best to postpone turnbuckle traction until the 
danger has pas<5ed In the treatment of a large number of 
fracture cases it is best to appl> the splint as an immobiliz 
ing agent after maximum reduction has been obtained bj 
hand manipulation and postpone the fine adjustments for a 
later date This w ill enable the surgeon to treat a large num 



Fis S. — Hand>opcratcd bene drill for insertion of pins The use 
of an clectricaJI} dnven drill is contra nd cated because of the re 
suiting thermal reactions in bone 


her of casualties in a short period of time Frequent manip 
ulation of the fragments should be avoided since it pre- 
disposes to dclajed union In comfiound fractures the fre 
quent interruption of rigid fixation ma\ lead to infection 
It IS usuallj desirable and feasible to obtain anatomical 
reduction with the aid of the adjusting mechanism of the 
splint The beginner, however should concentrate first on 
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accuracj in the pm insertions, and emploj hand reduction 
of the fracture The proper technique for finer adjustments 
IS gamed only by experience and accurate knowledge of the 
mechanics of the splint 

Reduction of fractures by eicternal skeletal fixation re 
quires a careful diagnosis of the planes of the fracture hues 
When these planes are known and visualized, mechan- 
ical adjustment of the fragments is greatly simplified In 
transverse fractures, for instance, the shortening or over- 
riding must be reduced before the laterally displaced frag 
ments can be properly apposed In spiral oblique fractures, 
the irregular wavy surfaces of the fracture require appro- 
priate traction as well as derotation before the fragments 
can be brought together The fragments usually slip m place 
without force when the proper reduction maneuvers are 
executed unless soft tissue is interposed between the frac- 
tured surfaces In such cases, it may become necessary to 
remove the interposed tissue surgicallj 

If the operator encounters difficulty m the reduction of 
spiral fractures, it is advisable to remove the connecting 
bar assembly, apply traction for a period of fifteen to thirty 
minutes reapply the assembly bar, and complete the reduc 
tion maneuvers \Vhen however, in such cases extension is 
being applied by means of the turnbuckle, all adjusting 
screws and the lock nut of the turnbuckle should be com- 
pletely loosened This permits free skeletal manipulation 
without mechanical interference and allows correction of 
rotation bj hand 

STADER SPLINT 

See pages 260 to 265 
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ERRORS IN THE TREATMENT BY EXTERNAL 
SKELETAL FIXATION 

It IS important to have a clear understanding of the 
mechanics of this sphnt and its proper application An> 
deviation from the principles set forth n\i 11 usuallj give 
unsatisfactory results The errors to be pointed out and 
emphasized are errors committed b> the ine'rpcnenced, not 
onlj in the use of the Stader sphnt, but in the use of an> 
type of external skeletal fixation apparatus 
It IS as important to point out the errors and pitfalls in 
surgical procedures, as it is important to shon the rocks 
and shoals on a navigator’s chart before the beginning of a 
journej 

Treatment of fractures by external skeletal fixation is not 
ne^, jet this method has not gained the popularit\ it 
deserves Lack of a proper appliance and the commission of 
errors in the application of the method hive been largely re 
sponsible for its unpopularity 

ERRORS 

1 Imp} opcr scleetw}i of cases External skeletal fixation is 

not indicated in all fractures 

2 Failure to take x-ray pictures before and after reduction 

and during the period of follow-up 

3 Impropct and inadequate anesthesia Proper relaxation 

IS necessarj, as m any other method Special tjTies of 
anesthesia are indicated m certain fractures 

4 Errors in selection of proper sized sphnt and pm as- 

semblies A tibial splint is not strong enough for a 
fractured femur, and a humeral splint will not be ade- 
quate for the tibia The pins must also be of suflicicnt 
diameter and length The proper sized pms •will fit 
«?nugh in the proper pm bars The entire splint assem 
21 
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bly and accessories should be examined and laid out 
before operation 

5 Errors tn sphnt placement In order to insure the me 

chanical benefits of externa! skeletal fixation the 
splint should be applied to the proper aspect of the 
limb The double pm units must alnays be placed as 
close to the extremity of the bone as the anatomical 
structures permit to obtain the necessary leverage for 
reduction maneuvers as well as to give stability to the 
splint 

6 Errors in Pm fiiscrfion 

a Failure to penetrate both cortices The pins must 
alwai s penetrate both cortices If they do not the 
fragment will not be held the splint will be un 
stable and the pins will become loose 
b Insertion of pins into markedly demineralized or 
cancellous bone 

c. Insertion of pins through de\italized or infected 
soft tissues 

d Insertion of pins through important anatomical 
structures , e g joints tendons 
e Too rapid or unsteady drilling of the pins Hapid 
drilling causes thermal necrosis Unsteady inter 
rupted and jerky drilling unduly traumatizes the 
bone and leaves a channel too large for a firm pm 
anchorage Steady firm and constant pressure 
must be exerted on a slowly revolving pm to over 
come these hazards 

f Failure to pull skm toward fracture when insert 
ing pin in order to prevent tension when traction 
is applied If tension is evident after the neces 
sary traction has been applied a longitudinal in 
cision in the skin should be made near the pin 
Excessive tension on the skin interferes wnth re- 
duction maneuvers and causes ischemic necrosis 
of the skm 

g ^ehminary dnYiing for pins should not he under 
taken Drilling should be made by pins which 
when once inserted should remain in place 
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7 Errors tn Reduction 

a Failure to secure alignment of extremity before in 
sertion of half pm unit 

b Failure to obtain ill possible reduction bj hand 
manipulation before attaching the connecting 
bar assemblj After manipulative reduction the 
rest of the reduction to anatomical position mav 
be made bj the apparatus 

c Forceful and rapid traction will result m mjurj to 
soft tissues and may interfere with the circula 
tion and impair the blood supplv especially in the 
presence of excessive swelling 
d Too strong impaction causes tissue necrosis and 
may result in bow ing — anterior posterior lateral 
or medial 

e Failure to approximate properiv Distraction results 
m delayed union and nonunion 
f Failure to use straight traction on the extremity be 
fore the application of the splint especially in 
spiral fractures 

g Failure to flex the extremity during manual reduc 
tion prior to the application of the splint 
h Failure to compare the injured with the uninjured 
extremity during and after reduction maneuvers 
Obvious deformities are easily seen and corrected 
by such an examination 

1 If satisfactory reduction and alignment ire not ob- 
tained in a reasonably short time the failure is 
usually the result of soft tissue interposition be 
tween fragments Open reduction should be 
undertaken to free fragments from soft tissue 
after which external fixation is reapplied This 
should be completed prior to the tenth di> from 
the time of injury Further delay beyond this 
period of time may result m delayed union 

8 Failure to institute proper postoperatii c care ns regards 

motion of joints weightbearing care of pm sites and 
treatment of the general condition of patient 

9 Failure to keep accurate records of each cafe so that 
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errors ma} be identified, and correct measures taken to 
combat them 

10 External skeletal fixation ts eontraindieated in the treat- 
ment of fractures m children Possible injury to the 
epiphysis and the amenability of children to treatment 
by conservative methods are sufficient reasons to con- 
traindicate its use It may be used to advantage, how- 
e\er, in selected reconstruction operations in children 
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CHAPTER VIII 

DELAYED UNION AND NONUNION 

TIIE PROCESS OF FRACTURE HE^VLING 

In e^e^J fracture there is injury to the adjacent soft 
parts The e’i:tra\asation of blood and tissue fluids from 
these soft tissues m and about the fracture site makes up 
the fracture hematoma The pnmarj reaction to the trauma 
IS one of inflammation Many inflammatorj cells chiefij 
polymorphonuclear leukocytes and large mononuclear phag- 
oc\ tes, are present in the early stages of repair Resorption 
of the bone ends and devitalized bone occurs, and a ^bnn 
clot is deposited Connectne tissue cells imade this clot to 
form granulation tissue An intercellular matrix is no\\ 
formed between the connective tissue cells The appearance 
of this osteoid matrix is the first evidence of bone forma 
tion Osteoblasts now appear to form the canalicuh of the 
bone matrix These canalicuh ‘^erve ns a medium of transfer 
of the metabolites from the bone cells to the blood The 
osteoblasts aid in the formation of new bone matrix and 
trabeculae Finally, calcium is deposited in the matrix, to 
form adult bone The actual process by w hich calcium is de 
posited in the matrix is unknown 

Complete repair of bone, therefore, requires both the 
formation of the bone matrix ami the calcification of the 
matrix Without proper calcification a fibrous union results 
There is evidence to support the view that the enzyme phos- 
phatase IS secreted by the fibroblasts, and that the available 
calcium is derived both from the blood and from the ad- 
jacent bone ends as a result of the resorptive processes 
ss 



26 


StANUAL OF FRACTURES 


Adult bone is constantly undergoing active metabolism. 
In young bone, the regenerative processes are greater than 
the degenerative. As age proceeds, the degenerative proc- 
esses become more prominent To sustain this metabolism, 
the bone obtains certain nece.ssary chemical, hormonal and 
enrymatic elements from the blood. An adequate blood sup- 
ply is therefore essential. Activity of the muscles and joints 
is the best method of promoting adequate circulation of the 
extremity, and is especially indicated in older patients. Re- 
tardat ion of calcium deposition in the m atrix is chiefiy^due 
to i nactivit y and immob ili zation of the joint s adja cent, to 
the 'fracture, and not to a l^k <^ealciUT^in tK^bloqd.’ 

The metabolic activi^ at' the fra'cture site is often exten- 
sive, and may account for the marked resorption of the 
ends of the fragments so frequently seen during the proc- 
ess of bone repair. 

Osteogenesis is stimulated mainly by the stres ses and 
strains of the bone ends in the direct ion of their lines of 
f orc e. This is borne out clinically by the good results ob- 
tained In fractures of the tibia by means of properly applied 
external skeletal fixation or a walking cast, in spite of the 
fact that delayed union and nonunion arc more common in 
fractures of this bone, especially in the lower third, than of 
any other. 

Absolute uninterrupted immobilization of the fractured 
ends is required as soon as the osteoid matrix has been laid 
doum. Torsion and hvisting motion of the fracture site in- 

l ayed union and nonun ion. Frequent interruption of fixation, 
overextension, and a period of fixation that is too short all 
tend to produce delayed union and nonunion. 

Active motion of all the joint.s of the extremity that do 
not require immobnizatfon will avoid many of the problems 
associated with the healing of fractures. Muscle and joint 
activity prevents atrophy and demineralization and pro- 
vides the necessarj* circulation for the proper reparative 
processes, especially the deposition of calcium in the bone 
matrix. 

Osteoblasts are also probably stimulated by the sex hor- 
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mones. Early preponderant degeneratU e changes of bone are 
often associated with a deficiency of the sex hormones. It is 
characterized by osteoporosis and thinning of the cortex. 
These changes occur in both sexes. In the male it is spoken 
of as senile osteoporosis, in the female, postmenopausal 
osteoporosis. 

THE CAUSES OF DELAYED UNION AND NONUNION 
General Causet 

Senility 

Deficiency in sex hormones 
Deficiency in circulation 

Diet 

Deficiency in protein intake 
Diseases 

Osteomalacia, rickets, gumma, tabes dorsalis, carcinoma, etc 
Local Causes 

Deficient reduction 

Improper apposition ot the fragments 
Interposition of soft parts 
Excessive traction 

Mechanical distraction of the fragments 
Deficient fixation 

Fixation for too short a time 
Fre<iuent interruption of immobiltzstion 
Nonrigid fixation 
Fixation of adjacent joints 
Deficient functional restoration 

Failure to actively move all joints not requiring immobilization 
Active motion of the adjacent joints prevents atrophy and de- 
mineralization and insures the necessary blood supply to the 
extremity for the proper deposition of calcium in the matrix 
as svcll as a better healing of the fracture 
Local disease processes ^ 

Osteomyelitis, carcinoma, gumma, etc 
Prolonged and extensive immobilization in plaster casts 

This cau'ies atrophj and osteoporosis, and delays'healing 

Because the reparative phase of metabolism (anabolism) 
is chiefly concerned with protein, an adequate protein intake 
is necessarj’ for proper repair of fractures. An adequate 
nitrogen balance should therefore be sought after in the 
treatment of serious wounds and injuries. Hypoprotcinemia 
should be guarded against during the healing of fractures 
UTiere adequate proteins cannot he administered by mouth. 
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intravenous plasma maj be given The influence of vitamins 
on bone repair is not well understood, but the administra- 
tion of vitamins to sustain normal health should not be 
neglected It is not the lack of calcium, phosphorus and 
other inorganic substances m the blood that causes the de- 
layed union and nonunion, rather, it is the poor utilization 
of these substances in the metabolic processes that is chiefly 
responsible In scurvy and rickets, callus forms readilj but 
does not become properly calcifled until the vitamin de- 
fieiencv has been corrected 

DEFINITIONS 

Delayed Union 

The repair of a fracture takes time If a fracture does not 
heal nithm a certain period of time, delayed union is said 
to be present The time element for fracture healing vanes 
greatly vMth the mdiMdual aN 'w ell as with the bone in- 
volved Complete healing oTa fracture, that is, the forma- 
tion of lamellae across the fracture si te, usuallv takes at 
least ei ghVto ten months For practical purposes, however, 
a fraefur^ is regarded as flrmly healed when there is no 
motion or local tenderness at the fracture site and when the 
X ray reveals sufficient callus to obliterate the fracture site, 
and bone lamellae maj be seen to pass over it In fractures 
of the lower end of the tibia, firm bony union often requires 
twelve to twenty weeks, whereas fractures of the upper 
third of the humerus often are united in three weeks In 
dehved union, osteogenesis is still progressing at the frac- 
ture site and attempts should be made to stimulate it It is 
often difficult to determine the exact time when delayed 
union ends and nonunion starts Progressively increasing 
motion at the fracture site is a good clinical indication of the 
failure of union 

Nonunion 

In nonunion, the repaistive processes of t he fra gture 
have^eased The roentgenognim will reveal a sclerosis of 
the boji^ends Nonunion may take the forriT'of a true 
pseudo-ar thrQg is or a fibro us u nion of the fracture 
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EXTEHNAL SKELETAL FIXATION AND ITS RELATION TO 

THE PROBLE31 OF DELATED UNION AND NONUNION 

Bohler states that delayed union and nonunion are usuallj' 
the result of treatment and not the injurj' itself. Nonunion 
is seldom seen in birds and animals in spite of the fact that 
malunion is common. This emphasizes the importance of 
early active motion as a factor in the satisfactory healing of 
fractures. It is the general belief that absolute fixation of 
bone, whether fay external skeletal fixation or by internal 
fixation with plates and screws, is a predisposing cause of 
delayed union and nonunion. This is not true if early active 
motion is instituted, since the muscle action, adequate blood 
supply, free joint motion, and absence of demineralization 
will tend to help rather than retard bone union. On the 
other hand, if absolute skeletal fixation is undertaken by any 
method without early active motion, delayed union and non- 
union will result in a higher percentage of cases. 

When properly applied, external skeletal fixation provides 
a method for the prevention as well as the treatment of de- 
layed union and nonunion. The fragments may be accurately 
reduced, rigidly fixed, and the adjacent joints may be 
actively moved throughout the entire period of healing. 
Sluscle tone is sustained. Adequate circulation is provided. 
The integrity of the joints is not interfered with. The cal- 
cification of the callus progresses normally because of the 
good circulation. Distraction of the bone ends may be con- 
trolled by proper impaction of the fragments. 

The treatment of delayed union and nonunion by external 
skeletal fixation has as its fundamental value the rigid fixa- 
tion of the fragments while at the same time allowing free- 
dom of motion of the adjacent joints. It can be applied to 
any of the bones as described in the section on special frac- 
tures. provided, of course, that the mineral content of the 
bone is adequate to permit the proper anchorage of the pins. 

In the application of the splint for the treatment of de- 
layed union and nonunion, all the necessary precautions for 
pin insertions should be carefully and meticulously carried 
out 

The operative procedure of choice will depend mainly 
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upon the extent of the nonunion and the condition of the 
bone ends In some cases the fracture site may simplj be 
freshened and the bone ends firmly apposed (Fig 38) In 
others a full thickness bone graft maj be used (Fig 93) 
Cases of delayed union may require only fixation Con 
trolled impaction of the fragments maj be performed bj 
activating the turnbuckle and if the fragments need correc 
tion they maj be adjusted bj means of the various adjust 
mg “crevvs Rigid fixation ^ith activnty is sufficient in most 
cases of delaj ed union but drilling of the bone ends maj 
be performed if indicated to hasten reunion 
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CHAPTER IX 

FRACTURES OF THE MANDIBLE 

In recent years, both in England and in this countrj', con- 
siderable interest has been shown in the treatment of frac- 
tures of the mandible by external skeletal fixation. Waldron 
contributed in a large measures to the popularization of this 
method. 

External skeletal fixation of the fractured mandible, 
which is usually considered practicable only in hospitals, 
may be necessarj' on board ship in order to avoid the com- 
plications resulting from interdental wiring when NXimiting 
from seasickness or other causes intervenes. 

Efficient cooperative teamwork between the surgeon and 
the orthodontist Is necessary’ throughout the entire treat- 
ment because the ultimate aim is to obtain good occlusion. 
Malocclusion may result even in those cases in which ana- 
tomical reduction of the fracture has been obtained. Be- 
cause of the fact that various degrees of malocclusion are 
so common, it is often difficult to a.'^certain the extent of dis- 
placement of a fractured mandible, and the corrective meas- 
ures necessary’ to overcome it. 

The treatment of fractures of the edentulous mandible 
is often a difficult problem. Control of the toothless frag- 
ment, whether by means of circumferential wiring around 
an intraoral splint or by wire traction through the angle of 
the mandible, is not always easy or adequate. RTiile these 
fractures present difficult problems in reduction, any dela- 
tion from the normal in the ultimate result may be compen- 
31 
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sated fa 7 dental prosthesis This is not the case in dentulous 
mandibles where not only accurate reduction is essential, 
but good occlusion is necessary Osteomyelitis occurs not 
onl> as a result of the injurj in which the mucous mem 
brane has been torn but also because of the necessity of 
extraction of the tooth in the line of fracture 
Waldron states that “most fractures of the mandible are 
compounded into the oral cavitj along the root surface of 
the tooth It is essential that reinfection of the deeper por 
tions of the line of fracture through the periodontal space 
along the surface of the root be preiented, as far as pos 
sible, bj as nearly complete immobilization of the fractured 
surfaces as ma> be secured” And again “prompt reduction 
and immobilization is the method to control and prevent in 
fection of the fracture site ” 

In manj cases, the fracture line runs through a remain 
ing molar tooth, the extraction of which produces an eden 
tulous fragment The resulting displacement of the edentu* 
lous fragment will \ar> according to the site as well as the 
direction of the fracture line If the obliquity of the frac 
ture line runs dossnward and forward, the strong elevator 
muscles (masseter and internal pterygoid) attached to the 
proximal fragment can cause little serious displacement of 
the proximal fragment Unfortunately, however, this is not 
often the case Usually the fracture line runs obliquely up 
ward and forward permitting typical upward, forward and 
outward displacement of the proximal fragment The distal 
fragment is displaced to the opposite side by the muscles 
attached to the normal side 

TTPES OF FRACTURES OF THE 3ItNDIDLE FROM THE 
STA^DPOI^T OF TREATSIENT BY FYTERNAL SKELFTAL 
FIXATION 

1 Edentulous mandibles These may be classified into 
a Fractures of the mandible wuth short edentulous 
proximal fragment 

b Fractures of the mandible with long edentulous 
proximal fragment 

c Fractures of a completely edentulous mandible. 



FRACTUPES OP THE MANDIBLE 


d Fractures of the mandible with edentulous proxi- 
mal fragment and few remaininsr or worth- 
while teeth in the distal fragment 
e ^lultiple fractures of the mandible 

2 Fractures of the dentulous mandible 

3 Fractures of the mandible w ith loss of bone substance 

Edentulous Mandibles 

Fractures of the Mandible loitk Short Edentulous Proxi 
mal Fragment (Fig 24) — ^These are the most common type 
of fractures of the edentulous mandible The line of fracture 
IS proximal to the first molar tooth, and usuallj runs through 
a remaining second or third molar In some cases, the line of 
fracture is at or slightly above the angle UTien the fracture 
extends through a remaining mohr, the tooth itself is often 
loose Some surgeons regard extraction of the remaining 
molar as mandatorj whenever the fracture extends through 
it, even when the tooth appears firm Such a procedure is 
controversial and opinion is divided Each case is a problem 
of its own and the procedure of choice will depend on asso 
elated problems involved 

\Vhene\ er the fracture site is proximal to the first molar 
tooth, manj surgeons prefer the conservative method of 
treatment , the teeth aresimplj wired and the proximal frag 
ment IS allowed to displace The disfigurement of the face in 
these cases is not serious and the functions of the jaw are 
not appreciablj impaired The«!e fractures however, be 
cause thc> are compounded into the mouth in so mon> cases, 
require firm fixation to decrease the incidence of osteom> 
elitis as well as to give comfort to the patient Proximal 
edentulous fragments cannot be properly immobilized b> 
mere wiring of the teeth distal to the fracture 

Fractures of the Mandible uith Long Edentulous Proxi 
mal Fragment — Fractures of the mandible in which the 
fracture line of the edentulous fragment is distal to the 
second molar require reduction and fixation of the proximal 
fragment Malunion, nonunion and serious dysfunction of 
the jaw often result in neglected or improperlj treated 
cases 
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Fractures 0 / a CompJetcZi^Ed««fiiiows ^/a«di6te (Fig 27) 

Fractures of a completely toothless mandible are often 

bilateral or multiple and are difficult to reduce and mam 
tain in proper position Such cases are ideal for external 
skeletal fixation Immediately after the splint is applied and 
the fracture reduced the patient has use of his jaw with 
little or no discomfort Because this type of fracture occurs 
raainlj in the aged the advantages of freedom of jau motion 
are especiallj apparent and the patient is spared the un 
necessarj discomfort and complications of interdental 
aphnts and immobilization of the jaw 

Fractures of the Mandible with Edentulous Proximal 
Fragment and Few Remaining or Worthless Teeth in the 
Distal Fragment — Such cases may be converted into com 
pletely edentulous cases by extracting the remaining teeth 
m the distal fragment thus greaflj simplifying the prob 
lems of treatment of the fracture There will then be no 
problem of occlusion and the patient may have full use of 
his jav. during the entire period of immobilization when 
treated by external fixation 

Mnltiple Fractures of the Mandible —External skeletal 
fixation is particular!} desirable for the treahnent of bi 
lateral fractures of the mandible nith edentulous proximal 
fragments There may be maiked deformity due to the 
action of the genioglossus geniohyoid and mylohyoid mus 
cles IVhere the distal fragment contains several worthless 
teeth it IS better to extract them to convert the lower jaw 
into a completely edentulous one In those cases m which 
the distal fragment contains several good teeth proper 
occlusion of these teeth must be sought after If accurate 
occlusion cannot be maintained by means of external fixa 
tion alone the remaining teeth maj be wired when the pa 
tient’s condition permits A delay of one or two weeks is 
often \en desirable because it allows a comfortable pain 
le«is convalescence until the pnraary fracture reaction and 
Bwolling have disappeared 

Traclures of the Dentnious Mandible 

In difficult fractures of the dentulous mandible external 
skeletal fixation m conjunction with interdental wiring i« 
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desirable In the treatment of fractured dentulous mandibles 
at sea, vrhere vomiting from seasickness or some other condi- 
tion IS anticipated, it should be the method of choice In 
such cases, if interdental fixation becomes necessary, rubber 
bands should be used to fit the jaws together to assure sat 
isfactory occlusion The rubber bands are easily remo\ed 
b> the patient m case of emergenc> In injuries of the oral 
cavitj associated with injuries to the nasopharj nx, external 
skeletal fixation becomes imperative as it permits treatment 
of these conditions and facibtates breathing m case of nasal 
obstruction 

Fractures of the Mandible with Loss of Bone Substance 

In extensi\e trauma with loss of bone substance and 
marked interruption of bone continuity, external skeletal 
fixation will maintain normal position, preserve contour, 
permit healing without muscle contracture, and facilitate 
bone grafting and reconstructive surgery. 

THE AD> A^TAGES OF EXTERNAL FIXATION IN THE TREAT 
MENT OF FRACTURES OP THE MANDIBLE 

1 Control of (he Displaced Fragment — "External ' con 
trol of the displaced edentulous fragment permits accurate 
reduction, especiallj when combined with intraoral manipu 
Jation 

2 Rigid Fixation — Rigid fixation also decreases the in 
cidence of osteomyelitis, as well as offers the choice basic 
treatment should osteomyelitis be present or complicate the 
fracture treatment 

3 Freedom of Motion of the Jaic — ^The advantages of 
active jaw motion are numerous and varied. 

a In lomiting In cases where vomiting is present or 
anticipated as a complication of a fractured jaw 
(seasickness gastric disorders, and so on) freedom 
of jaw motion is es'«ential 

b hi eating The ability to eat regular food assures nor- 
mal caloric and vitamin intake, and prevents the 
weight loss so often complicating fractures of the 
mandible The normal health and strength of the 
patient are therebv easily maintained 
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c Psychological effect The ability of the patient to open 
and close his mouth m combat zones is verj soothing 
to his mental attitude, as >t relieves his anxietj. 
d Care of mouth and teeth External fixation permits 
proper oral hygiene and dental treatment, which 
IS an essential part of the after-care of a fractured 
mandible Free access to the mouth and fracture 
site allows proper cleaning as well as adequate drain- 
age should osteomyelitis or extensive canes compli- 
cate the fracture In those cases where the remain- 
ing molar tooth is in the line of fracture and where 
extraction is indicated, the tooth may be extracted 
vnth ease after the application of external fixation 
and the tooth socket may be treated daily for better 
healing and drainage 

e Simph/ymcr after-care The after-care in the treatment 
of edentulous fractured mandibles is greatly sim- 
plified because of the free motion of the jaw This 
obviates the dietary problem, results m freedom from 
pain and has a beneficial i»ychologital effect on the 
patient It also decreases the problem of maintaining 
reduction bj means of interdental splints, wiring of 
the teeth and wire traction through the mandible 
4 Speaal Adiantages to Old People — The above advan- 
tages are particularly desirable m older people 

THE DISADVANTAGES OF EXTERNAL FIXATION IN THE 
TREATMENT OF FRACTURES OF THE MANDIBLE 

1 The technique of the application of externa! fixation 
to edentulous fractures of the mandible is not easy except 
for those accustomed to the use of pm fixation Mastery of 
the problems results not only from experience m the various 
ty pcs of fractures, but also from the strict observ ance of the 
minutest details of its application 

2 Exact occlusion of the teeth of the distal fragment may 
be difficult to maintain throughout the period of healing 
and therefore may require additional wiring of the teeth 
after the swelling and reaction have disappeared 
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THE APPLICATION OP EXTERNAL SKELETAL FIXATIOV TO 
FRACTURES OF THE MAXDIBLE 

Preparation of the Patient 

The face is shaved and the skin prepared as for anj sur- 
gical procedure on the mandible It is well to mark the site 
and line of fracture on the skin When m doubt, the fracture 
line should be explored through the skin w ith a hiTodennic 
needle The assistance of a qualified dental surgeon is alwajs 
desirable, not onlj to survey the problem on hand before 
the operation, but also to assist during and after the opera- 
tion Proper x-ra> films of the mandible must be on hand 
during the operation 

Tjpe of Anesthesia 

The tjTie of anesthesia will depend upon the condition of 
the patient and the facilities on hand Local and mandib- 
ular block are sufficient for the reduction of most mandib- 



Fig O^Stader mandible splint as npplied to a fracture anterior to 
the angle of the mandible 


ular fractures In difiicult ca'^es, either intravenous or in- 
tratracheal anesthesia ma> be indicated (See chapter on 
Anesthesia ) 
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F g 10~Stader sp) nt as appl ed to a fracture of the symphys s te 
g on of the mand bio 

Pin Placemenls 

A pin unit IS applied to the proximal fragment first The 
position of the pins will vary according to the site of the 
fracture When the fracture line is at the angle of the 
mandible the upper pm unit must be applied to the ramus 
In e\er> case it is necessary to avoid pm penetration into 
the fracture site If the pins are inserted about 1 cm from 
the edge of the mandible the inferior alveolar artery and 
iier%e will not be injured (See cross section Fig 31 A B ) 
The mandible pins ha\e a stepped up point so that thej will 
not penetrate the mandible loo far (Figs 11 12) 

The first pm is placed in the channel of the pm bar (Fig 
12) and inserted through the skm to the mandible With the 
point of the pm the edge of the mandible is gently surveyed 
until a point about 1 cm from the edge is found and a firm 
“iteadj purchase is then made on the pm directing the pin 
transverselj into the mandible until it is felt to penetrate 
the bone (Fig 13) A firm steady purchase on the pm must 
be maintained throughout the entire drilling of the pm 
through the bone If unsteady or sveak pressure is used the 
pm miy easily slip and slide off the mandible If the direc 
tion of the pm is not tnnsrerse the pm may also slip off 
the edge of the mandible and thus penetrate the neck The 
operator must ha\c complete control of the pm during its 


FRACTURES OF THE MANDIBLE 


39 


insertion. (During the insertion of the pin the assistant 
exerts a constant steady counterpressure on the fragment 
^\lth his finger in the patient’s mouth. With his other hand, 
the assistant steadies the patient’s head. In case of necessity, 
the operator may perform the entire procedure by himself, 
but he must then be careful to watch his sterile technique 



Fig. 11 — Layout of mandible splint and accessories. Splint, pins 
with shoulders, wrenches, small Allen wrench to secure pins in hnlf- 
pin units, large Allen wrench to lock cable of flexible shaft drill in 
drill handle 

and change gloves every time he inserts his finger m the 
patient’s mouth until all the pins have been inserted.) 

The second 7 nn is passed through the channel of the pin 
bar in the same manner as the first and is inserted in its 
proper position at least 1 cm. from the edge of the mandible, 
care being taken not to penetrate the fracture site (Fig. 
14) . After the pins are locked in the pin bar by moans of the 
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Fig 12 —Pm p!ac«4 m channel of pm bar 



Fg n— First pin drilled in mandible with flexible shaft band 
operated dnll 
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Fib 16 — Op«TatoT ha& control ol proximal fragmont stsipine pin 
unit 


// / 
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small Allen ^Tench (Fiff 11), the operator, bj grasping the 
pm bar, has complete control of the proximal edentulous 
fragment (Figs 15 and 16) The third pin penetrates the 
distal fragment again about 1 cm from the edge of the man 



Fig 20 —Checking reduction, splint in place 



Fig 21 —Checking occlusion of teeth 


dible, the pin bar being held parallel %Mth the border of the 
mandible (Fig 1*7) A hypodermic needle may be employed 
to outline the fracture site It is essential at all times to 
stay as far awa> from the fracture site as possible When 
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the fourth pin has been inserted and the pins locked in the 
pin bar, the operator will have control of both fragments by 
grasping the pin bars (Fig. 18). 

Application of the Connecting Bar and Reduction of the 
Fracture 

The dental surgeon now proceeds to adjust the frag- 
ments intraorally and checks the occlusion of the teeth of 
the distal fragment as well as the position of the proximal 



Fi?. 24. — Lateral x-ray of fractured mandible with short proximal 
fragment, before reduction. Note single tooth in proximal fragment in 
line of fracture. 


iTugmen'i. Torcelu^ manipulation ol the fragments hy 
means of the pin bars is dangerous and unnecessary, and 
may cause loosening of the pins. It must be remembered 
that even though the pins may be securely inserted into the 





Fie. 29. 

Ties. 27, 28, 29.— MuUipie fractur«a of edentulous mandible with 
few remainine teeth. Upper jaw completely edentulous. No problem 
of occlusion. X-rays before Tednction. after reduction and application 
of the splint, and final x-rays. 
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mandible, they may give vray when undue force is exerted 
on them. Intraoral manipulation of the fragments is easier, 
safer, and more accurate. 

When the major reduction of the fracture has been ac- 
complished by means of intraoral adjustment by the dental 
surgeon, aided by external manipulation by the operator, 
the connecting bar is applied and the nuts tightened by 
hand. Accurate reduction is now obtained by intraoral and 


Fig. 30. — Showing patient (Figs. 2T, 28, 29) with splints in place. 
Note free motility of the jow and lack of pam. (Courtesy of Dr 
Dojle.) 

external manipulation (Figs. 19 and 20). All set screws 
and nuts are now firmly tightened ttith wrenches. Final 
check of the reduction and occlusion is carried out before 
the patient is sent back to the ward (Fig. 21) . It is best to 
obtain accurate reduction at once while the patient is still 
under the anesthetic. The excess pin length is cut off by 
means of the hydraulic pin cutter (Fig. 22). In multiple 
fractures, the pin units may be connected to each other (Fig. 
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Fij; 31a. — S|>lmts connrcteJ to each other In fractures of the 
and angle of the mandlhle A, Multiple unit mandible splint 
applied J{ Preoperative X ray view C, Postoperative x ray Tjew DIs 
traction of fragment was corrected Ly tumbuckle manipulation 
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Postoperatire Care 

If the operation Mas performed under general anesthesia 
the patient should be watched carefully until he has com 
pletely reco\ered from the anesUiesia He may toss around 
in bed and traumatize the splinted jaw As soon as the 
patient has recovered from the anesthesia he usually has 
active use of his jaw without pain He is encouraged to use 
his mandible but not to use it excessively Necessary oral 
hjgienic measures are carried out in the ward as well as 
m the dental clinic The pm sites are protected by small dry 
sterile dressings for the first twenty four or forty-eight 
hours and then left open The swelling usuallj recedes 
quicklj hut the occlusion must be checked from time to 
time (Fig 26) The normal lateral mobilitj of the mandible 
wiU often give the impression of malocclusion when the 
muscles of the opposite side tend to poll the mandible to 
*hat side The patient may however voluntarily bring the 
distal fragment m proper occlusion This apparent mal 
occlusion must always be differentiated from actual mal 
occlusion To prevent unnecessarj strain on the splint and 
pins excessive motion of the mandible should not be al 
lowed after the splint has been applied If Indicated inter 
dental wiring should be used as a temporary adjunct to 
treatment 

ERKOIS IX THE TREATMENT OF FRACTURES OF TIIF 
MVNDIBIL MEVNS OF EXTERN VL FIX VTION 

1 Neglect to make an accurate diagnosis as to the type of 

fracture the jxisition of the fracture line and the 
tjTie of displacement 

2 Failure to select the proper anesthesia for adequate 

relaxation 

3 Errors jn pin placements — placing the pins too close to 

the fracture line 

1 Failure to appl> firm stead> pre'^sure while Inserting 
the pins 

5 Failure to maintain constant control of the pm by hold 
ing the handle of the flexible shaft drill against the 
chest 
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6 Failure to direct the pin t^aIls^ ersel> through the man- 

dible to avoid slipping off the edge of the bone 

7 Failure to sta> about 1 cm from the edge of the man- 

dible for the pm insertions 

8 Failure to obtain accurate reduction by intra-oral 

manipulation 

9 Failure to check occlusion of the distal fragment before 

connecting the splint 

10 Allowing evcessive use of the mandible after applica- 
tion of the splint The unnecessarj strain on the 
splint and pins may produce loosening of the pins 
and displacement of the fragments 



CHAPTER X 


i-RACTURES OF THE CLAVICLE 

Fractures of the claMcle are comparatively common and 
nonunion is seldom seen In <»pite of the fact that anatom 
leal reduction is not alwaja obtained the functional results 
are usuallj satisfactorj 

In most cases conservative treatment is sufficient Exter- 
nal fixation IS onlj justifiable in certain selected cases 
especially in extreme injuries with marked loss of bone 
which would necessitate subsequent bone grafting 

Application of the Splint to the Clavicle 

Extreme care should be used in the insertion of the pins 
to avoid injury to the important underlying structures 
The pin units are applied as close to the ends of the clav 
icle as possible on its anterior surface The first pm is m 
serted into the medial fragment about 0 6 to 1 cm from the 
sternoclavicular articulation, the drilling being discon- 
tinued as soon as the pin is felt to engage the opposite cor- 
tex As the second pm ts inserted, the pm bar should, be 
held at a sufficient distance from the skin to allow for 
swelling The application of the second pin unit is slightly 
more difficult because of the convexity of the anterior sur- 
face The third pm is inserted about 0 5 to 1 cm from the 
acromioclavicular articulation in a slightly downward direc 
tion A hypodermic needle should be used as a pathfinder 
for the location of the proper pin sites After the fourth 
pm has been inserted, and the pins locked in the pm bars 
the operator has hand control of the fragments bj grasping 
the pm bars Reduction oi ttie fracture is obtained by gen 
tic manipulation and the connecting bar is then applied 
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F ir J2 (D M ) —Comminuted fracture of left clavicle In a twenty 
>j ear-oil male A Slader reduction apllrt appl ed X ray film 
:en on first poitojnsratire day Free mobility of the entire extremity 
a obtained without discomtorU 
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Posloperatne Care 

In Mew of the fact that the splint is applied only in ex 
treme injuries a slmg should be used to support the fore 
arm and arm for a period of three neeks Gentle guarded 
motion of the extremity may be permitted daily The sever 
itv of the injury will be the determining factor in the 
amount and range of active motion permitted 



CHAPTER XI 


FRACTURES OF THE HUJIERUS 

Fractures of the humerus have been treated successfully 
by many methods, practically all of ^^hich, however, depend 
upon some form of Joint immobilization either above or be- 




Fj^ 33 — A, Pjaprammatic iJrawmir of the jnotijfied Stader Jphnt 
as app!ic<l to the humerus >Jotc the proj»>ctetl pin har. the upper pin 
unit in the JaieraJ surface of the humerus, the lower pm unit in the 
posterior surface, and the parallel position of the extension bar with 
relation to the siiaft of the bumenis. IJ, Splint applied to humerus. 

Jon the fracture, or both. Joint immobilization in these 
cases often produces prolonged disability. Any method of 
treatment which eliminates the necc«;sity for immobiliza- 
tion of the Joints would thus seem to offer a distinct ad- 




vantage The splint allows freedom of adjacent joints and 
permits more accurate reduction and firmer fixation The 
rigid fixation with this splint also decreases the tendency 
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toward excess callus formation, which not infrcquentlj en- 
croaches upon the radial ner\e 

The Stader splint (Fig 33) was modified to render it 
more adaptable to the treatment of fractures of the shaft 
of the humerus, by changes which made possible the appli- 
cation of the upper pm assembly to the lateral aspect of 
the arm, and the lower pin assemhlj to the posterior aspect 
of the arm This arrangement permits the connecting bar 
to be applied parallel to the shaft of the humerus, rather 
than obliqueli, as would otherwise be nece«sar> (Fig 31) 

Reduction of fractures of the shaft of the humerus is 
usuallj easj , proper immobilization often troublesome, and 
functional restoration always problematical External fixa- 
tion simplifies accurate reduction, insures constant rigid 
fixation, and permits immediate acti\e use of the entire 
extremiU with a minimum of discomfort 

Indications for External Skeletal Fixation in Fricturcs of 
Humerus 

External skeletal fixation by means of the Stader splint 
ma> be used to distinct adxantagc in 

1 Older patients, where the complications of joint fixa 

tion, whether by plaster or bj inactiMt>, are so 
commonly seen Those who haxe an underljing ar 
thntlc diathesis arc cspeciall} prone to de\eIop pain 
and limitation of motion of the joints exen after 
limited fixation These patients require active use 
of the shoulder, wrist and hand as well as the el 
bow, in order to prevent the handicaps that result 
from prolonged fixation of joints 

2 Difficult fractures of the shaft, where adequate rcduc 

tion, fixation and Xunctioml restoration cannot be 
2?j tffe bxav?) Jn this chii uro 

primarilj the badlj comminuted fractures 

3 Compound fractures of the shaft, especially the gun 

shot fractures, where external rigid fixation during 
the operation of wound excision or debridement and 
shell fragment extraction isdistincth advantageous 
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4 Fractures of the shaft of the humerus in the proxim 

ity of the radial iver\e Insury of the radial nerve 
may occur at the time of the accident, or from 
injudicious rnampnlation of the fragments during 
reduction, from insufficient fixation causing sec- 
ondary displacement of the fragments, or from ex- 
cessn e callus formation Excess callus formation is 
due mainlj to improper or nonrigid immobilization 
of the fragments 

5 Fractures of the shaft of the humeros with loss of 

bone In this case the sphnt allows for accurate 
rigid distraction of the mam fragments until the 
time 13 at hand when a bone graft can be safelj 
inserted 

Generally speaking, all fractures of the shaft of the hu- 
merus in which the proximal and distal fragments are of suf- 
ficient length to engage properly the converging pins of the 
half-pin units are amenable to treatment with the regular 
humeral sphnt This would include those fractures whose 
fracture lines extend at least 8 inches from the shoulder 
and elbow joints, and exclude fractures of the surgical neck 
as well as short supracondylar fractures 

FRACTURES OP THE SHAFT OI- THE HUMERUS 
Application of the Sphnt 

Awcsf/ieaic — Application of the sphnt as well as reduc- 
tion of the fracture may be performed under local anes- 
thesia (See chapter on Anesthesia ) 

Preparation of the Patient — A complete surgical prep- 
aration of the skin of the extremitj is performed 

Preparation of the Splint — Before sterilization in the 
autoclave or by boiling, the entire splint is assembled to 
make certain that all essential parts are on hand and in 
good order, including the projected pm bar 

Pm Placements — In order to avoid penetration of impor- 
tant structures the upper pin umt is placed on the lateral 
aspect of the arm The first pm is inserted about one 
fingerbreadth from the top of the acromion about 1 cm 
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lateral to the bicipital grQo\e It is inserted directb through 
the skin and deltoid muscle ind must penetrate both cor 
tices Because of the cancellous character of the bone in 
this area great care must be exercised m the insertion of 
the pm «5o as to avoid overpenetration Undue protrusion of 
the pin maj injure important structures (see Fig 35) 
During the insertion of the first pm the pm bar mxist be 
held paiallcl to the proximal fragment In the case of frac 
tures above the insertion of the deltoid the upper fragment 
js displaced mediallj hr the strong pectorahs major muscle 
therefore the pin l^ar should be held shghtl> medmll> in 
relation to the skin of the arm during the insertion of the 
first pm In fractures below the insertion of the deltoid the 
latter muscle counteracts the pull of the pectorahs so that 
there is little displacement of the upper fragment except 
for overriding 

The second pm is inserted directlj through the skin and 
deltoid mu«cle to the bone Bj gentlv feeling the cortex of 
the bone with the point of the pin the ape^ of the convex 
itj of the fragment is ascertained and the pm inserted 
through both cortices During the drilling of the second pm 
the pm bar is held at least V* JRch from the skin to allow 
for reactionarj odemi and the operator or an assistant 
exerts firm counterprcssure on the medial surface of the up- 
per fragment both upper pins have been inserted 

thej are locked m the pm bar b> means of the set screws 
and the operator then has firm control of the upper frag 
ment bv grasping the pm bar 

The special projected pin bar is used for the lower pm 
unit btcaiise the pins are best inserted into the posterior 
♦surface of the lower fragment and the projected pm b<ar 
allows the tumbuckle bar to be placed on the lateral surface 
of the arm parallel to the humems so as to provide max 
imum adjustments bv the splmt as well as imp^iction and 
distraction in the longitudinal axis of the humerus (see 
Fig 33 A and I?) The posterior surface is selected for 
obvious anatomical reasons 

The third pin (first pm of the lower pm unit) is there- 
fore placed m the channel of the projected pm bar and m 
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serted into the postcnor surface of the lower fragment 
about two fingorbreadths from the tip of the olecranon It 
passes through the triceps muscle and fascia and penetrates 
the ver> dense bone above the olecranon fossa Constant 
control of the pin insertion must be exercised so as to avoid 
excessive overpenetration During the insertion of the third 
pin the projected pin bar must also be held parallel to the 
distal fragment. Counterpressure on the anterior aspect of 
the distal fragment is made either b> the operator or bj an 
assistant 

The fourth pm is inserted with the projected pm bar par 
allel to the long axis of the distal fnipnent and again at 
least ^/> inch from the skin WTien the third and fourth pins 
have been locked in the projected pin b-ir, the operator, b> 
grasping the projected pm bar. has firm hand control of 
the distal fragment 

Application of a regular pm unit to the lateral aspect of 
the distal fragment is difficult and dangerous because the 
humerus in this region comes to a narrow border and there 
IS danger of sliding off 

Application of the Connecting Bar Assemblj and Keduction 
of (he Fracture 

With complete control of each fragment through the 
medium of the pin bars the operator maj easiJj reduce the 
fracture by hand In transverse and short oblique frac 
turcs, crepitation is gentlj elicited so as to make certain 
that no soft parts are interposed between the fragments 
If such IS the case the interposed tis^^ues usually become 
disengaged bj simpl> rotating the fragments on each other 
In order to moke certain that the rotational displacement 
corrected and the humerus is m proper alignment, a guide 
line ma> be drawn from the greater luberositj to the lat 
eral condjle (Abduct the humerus 90 degrees and rotate 
outward 90 degrees using gentle traction ) As the operator 

Fic 3S . — A Sortfon thnroeb n^t upper arm fmmwliately below 
anlln. Upper surface ibowini' recommended position of Stader pin 
D Section through the neht upper arm 1 inch aiiovr the epieondyles 
Upper surface sbowin;: recommended positwn of Stader pin. 





Fif "JC. — Case of D O a fif^ jear-olrt male who was seen 
with malunion of the midshaft of the humerus of six months' dura 
iron Six months of plaster immobilisation had caused stiffness of all 
the joints from the tips of the fsneers to the shoulder The splint was 
applied and the elurnated ends of the feaements were freshened and 
the fracture reduced and firmly impacted under direct vision Firm 
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holds this position with the pm bars an assistant attaches 
the connecting^ bar assembb and tightens all adjusting 
screws and lock nuts b> hand Exact reduction ma^ now 
be performed (under fluoroscopic guidance or b> study of 
X raj plates) bv means of the \arious adjusting screws 
controlling each fragment and bj actuating the turnbuckle 
bar for traction and impaction If circumstances require 
delajed reduction, the splint is made secure b\ tightening 
all lock nuts and the adjusting screws on each other bj 
means of the wrenches The practice of passu elj flexing 
and extending the elbow joint, while the patient is still un 
dcr the anesthetic, to gam more motion of the elbow has 
been discontinued It was found that this increase m elbow 
motion was onlj temporarj 

Poslopcralue Care and Length of Immobilization 
Immediately after the application of the splint, whether 
the fracture was treated b> delajed or immediate reduc- 
tion, there is usuallj free actuc use of the entire extrem- 
itj with minimal discomfort The treatment is ambulatory 
as soon as the patient is oier the eiTects of the anesthetic 
In seNcre fractures with marked swelling, the arm is kept 
ele\ated for the first twenty-four to seventj two hours, or 
longer if necessarj Actue excrcues of the entire upper ex- 
tremitv are instituted as soon as the condition permits 
Flexion and extension of the elbow are nlwajs limited be 
cause the lower pins pass through the triceps Elevation 
of the arm is also limited because the upper pins pass 
through the deltoid muscle The remaining u<5e of the cx- 
tremitj is usuallj suflicicnt, however, to provide an prevent 
ful convalescence and earK return of full function wathin 
a short period after the removal of the pins Most patients 
are encouraged and show a desire to emploj thoir injured 
arms m «actHe movements, including the lifting of weights 
and working about the ward Mam can be discharged from 

bonj union resulted and ihe -plint iras remove] at Ihe end of ihrre 
months No bone prafl was used. 

A The humeral splint applied f Preoperatne s ray fim C Im 
mediately pastoperative 1) Three months later 
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the hospital to go about their usual activities within a few 
days The pm sites are protected by small dry, sterile 
dressings for a fev? daj s and then should be left absolutelj 
undisturbed The fitnctxon of the radial nerie is alioays 
tested before and after treatment 



A DC 

Fi^ 37^Commjnutcd fracture of mldshaft of humerus A Before 
reduction, B After reduction C Final x rays 


The splint is not removed until firm bonj union has 
occurred This v. ill depend upon the type of fracture as well 
as the age and general condition of the patient Usually 
fractures of the shaft of the humerus are firm within four 
to eight weeks Oblique and spiral fractures are often firm 
within four weeks whereas transterse fractures require 
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eight AAeeks or more It is better, as a rule, to err in longer 
iromobjlization than to take the splint off too soon because 
the ordinary complications of prolonged fixation do not ha\ e 
to be considered 


Routine Impaction in Transverse Fractures 
In order to avoid the dangers of delajed union and non 
union in transverse fractures of the shaft of the humerus 



Pip 3S —Fracture of humerus before and after impaction vnth the 
lumbackle 


the fragments are routinclv impacted (firmlj opposed) on 
the tenth da> of treatment (see Fig 3S) During the im 
paction bj means of the turnbuckle of the •splint, the fore- 
arm and the distal fragment are held m proper alignment 
bi an n^iislanl The lock nuts of the turnbuckle must first 
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be loosened and after the impaction again tightened se 
curelv Impaction of a fracture of the humerus need not be 
strong Excessive impaction produces bone injurj delays 
union and produces excess callus which is undesirable in 
the region of the radial nerve Check x rays are taken es 



ABC 


Fig 30— Fractured humerus with marked interpos tion of soft 
parts A Before reduction f? After reduction C Final x rays 0in 
ical union Note g’ood per osteal callus and poor endosteal regcncra 
lion 


pecjallj after each impaction and during the period of im 
mobilization to determine the position of the fragments ns 
well as the callus formation and union of the fracture 
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SUPRACONDTL.\R FRACTURES OF THE HUHERUS 
Supracondylar fractures in adults may be treated satis- 
factorily by external skeletal fixation. In such cases, a half- 
pin unit is applied to the lateral surface of the upper third 
of the humerus, and a second half-pin unit to the lateral 
surface of the upper third of the ulna (Fiff. 40). The ad- 
justing mechanism of the lower end of the splint is removed 
so that the end of the connecting bar may be passed directly 



Fie. 40 — Diaerammntic draM^mc of «pccib1 application of the 
humerus splint for supracondylar fractures of the humerus. Kote 
position of the losscr pin unit In the lateral surface of the upper third 
of the ulna, and the connoeltnt; bar inserted directly throutth the hole 
in the pm bar and secured by a nut above and belovr the bar. The 
elbow is flexed at ncht angles. 

through the aperture in the pin bar and secured to it by 
nuts, one above and one below the pin bar. WTien the con- 
necting bar is secured to both pin unil^ the elbow joint is 
transfixed at a right angle. Xece5vsary distraction is ob- 
tained by activating the tumbucklc and reduction is per- 
formed by gentle manual manipulation. A posterior plastcr- 
of*pnris splint is advisable for protection and support. 
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FRACTURE or RADIUS AND ULNA 

The incidence of fractures of the forearm in the U S 
Navj and Marine Corps is exceeded onl> by fractures of 
the leg Fractures of the bones of the forearm should be 
treated conser\ ativelj when displacement is absent and 
when proper position is casil} retained Unfortunately, this 
cannot be accomplished in many t\pes of these fractures 
In such cases, external skeletal fixation is a \cr> useful 
method of treatment because it permits accurate reduction 
and retention of the fragments without immobilization of 
the elbow or WTist 

Fractures of the forearm for purposes of treatment h> 
external skeletal fixation may be divided into 

1 Fractures of the shaft of the radius 

2 Fractures of the shaft of the ulna 

3 Fractures of the shafts of both bones of the forearm 

4 Comminuted fractures and fracture dislocation of the 

lower end of the radius and ulna 

FIIACTURFS OF THE SHAFT OF THE RADIUS 

Fractures of the shaft of the radius ma> be comenienth 
divided into those of the upper, middle and lower third 
Those in the upper third are above the insertion of the 
pronator teres The biceps and short supinator arc the onJv 
muscles attached to the upper fragment, displacing it in a 
position of fiexion and supination The lower fragment to- 
gether with the hand will alwa>s be in a position of extreme 
pronsticn 2it frsetares <?/ the mlddJe third of the tsdms, 
below the insertion of the pronator teres, the upper frag- 
ment lies m midposition because the pronator teres neu- 
tralizes the pull of the supinators (biceps and supinator 
brevis) The lower fragment with the hand will again lie 
in pronation becau«e the pronators are stronger than the 
71 
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supinators In fractures of the lo\\er third the proxinnl 
fragment remains in midposition while the distal fragment 
IS displaced tonard the ulna and forward This displace- 
ment of the distal fragment is due not only to the pull of 
the pronator quadratus but mainly to the action of the 
extensors of the thumb (abductor polhcis longus and exten 
sor polhcis brevis) which wind around the back of the lower 
end of the radius from their ulnar origin and push the 
lower fragment forward and toward the interosseous space 
when the forearm is pronated The radius is also shortened 
causing the typical dislocation of the distal radio ulnar joint 
and producing the usual prominence of the lower end of 
the ulna 

Accurate reduction of fractures of the shaft of the radius 
IS usuallj easilj obtained by proper traction on the thumb 
supination of the forearm and digital manipulation of the 
distal fragment The abductor polhcis longus and extensor 
polhcis brevis supinate the forearm as ivell as extend the 
thumb therefore these muscles become relaxed by strong 
traction on the thumb and supination of the forearm and 
at the same time become disengaged from the fracture site 
Reduction of fractures of the shaft of the radius are often 
extremely difficult if manipulation is attempted without 
first applying adequate traction on the thumb with the 
forearm in supination The amount and length of traction 
will depend upon the musculature and strength of the fore 
arm because the amount of shortening is usually proper 
tional to it 

Whereas it is usually easy to reduce fractures of the shaft 
of the radius maintaining accurate reduction until firm 
bony union has occurred is often difficult The fragments 
are especially liable to become displaced m the fractures of 
the upper and lower thirds Inadequate inconstant fixation 
leads to delayed union and to nonunion as well as to sec 
ondarj displacement of the fragments Motion at the frac 
ture site with plaster fixation is mostly rotary which espe- 
cially predisposes to delayed union end nonunion In order 
to sustain the integrity of the distal radio ulnar joint with 
its tom capsule many fractures of the shaft of the radius 
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require transfixation with wires or pins to prc\ent sec 
ondar\ luxation or displacement In order to a%oid these 
difficulties manj surgeons rontinelj “plate” fractures of the 
shaft of the radius 

Functional restoration to bo ideal should begin immedi 
ateh after immobilization and include pronation and supm 
ation of the forearm as neJI as actne motion of the joints 
not requiring fixation 

The Ad\an(agcs of and Indications for External Skeletal 
Fixation in the Treatment of Fractures of the Shaft of 
the Radius 

External fixation by means of the splint permits accurate 
anatomic replacement of the displaced fragments, constant 
rigid fixation, and acti\c motion and use of the entire ex 
trcmitj including pronation and supination of the forearm 
from the first postoperative daj It is indicated whenever 
the above advantages arc desired and whenever reduction 
fixation and restoration of the function can not bo ade- 
quatel} obtained b> manipulation and plaster immobiltza 
lion External fixation is contraindicated in those cases in 
which the skin areas for pm insertions are infected or 
devitalized 

Application of the Splint to (he Radius 

— Local or brachial plexus anesthesia maj be 
used in applying the sphnt to the radius 

PicparftfioK of the Patient — ^Thc skm and the patient are 
prepared as for anj surgical operation on the forearm The 
X rai films arc placed in view so that the operator maj 
readiU acquaint himself with the site of fracture the 
planes of the fracture line, ns well as the displacement of 
the fragments 

Pin Placements — The posterior interos.seous nerve (mus 
cular branch of the radial) winds around the upper end of 
the radius about 1 inch from the head The operator, there* 
fore, must bo careful in applying the upper pin unit. The 
first pin is inserted about two fingerbriadths from the head 
of the radius on its lateral surface (Cross section Fig 41 ) 



^ « pro^uDiluj 
fl-ior ^ * 


Fig 41^/1, Section through right forearm, 2 inches below elbow 
Upper surface, showing inserlion of pin. li, Section 1 inch above 
styloid process of right radius Upper surface, showing insertion of 
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Fjp 42 — I’hotoprBph and x raj% to dmonslrntc tho u*« of th« 
rocular radms splint In the treatment of comminuted fractures and 
frnclure-didocations of the lower end of the radm* Note lower pins 
through tnctacarpala Pins were slightly retracted after this x ray 
waa taken Old gunshot fraetorc \ rays before and after operation 
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The pm should be inserted directlj through the shin to the 
bone and the apex of the comexitj determined by gentl> 
probing the cortex of the bone with the point of the pm 
As soon as this point is determined a steady and constant 
purchase on the bone is held until the pin has penetrated 
both cortices During the insertion of the first pin the pm 
bar must be held parallel to the proximal fragment The 
radial nerve will not be injured if the pin is carefullj placed 
and inserted Unnecessary jabbing around and through the 
tissues with the pm should be scrupulously avoided 

The second pm is now inserted under the same precau 
tions as those observed in the insertion of the first pm and 
while the pin bar is held at least ^ inch from the skin In 
order to make certain that this pm does not enter the frac 
ture site a long hjiiodermic needle may be used to probe the 
fracture before the introduction of the pin When both pins 
have been locked m the pm bar the operator has firm con 
trol of the upper fragment by means of the pm bar Before 
applying the lower pin unit the distal fragment should be 
placed m Imc w ith the proximal m a position of supination 

The third pm is inserted into the lateral or posterolateral 
surface of the lower end of the radius about one or two 
fingerbreadths from the tip of the styloid process It is nec 
essary to avoid piercing the abductor and extensor tendons 
of the thumb (Cross section Fig 41 ) As usual during the 
insertion of this pm the pm bar should be held parallel to 
the long axis of the distal fragment When the fourth pm 
has been inserted (the pm bar again being held >nch 
from the skin) and both pins locked m the pin bar the op 
erator will have complete control of both fragments through 
the corresponding pm bars Skin tension is avoided during 
the insertion of all pms 

Reduction of the Fracture and Application of the Connect 
ing Bar \ssemblj 

Depending upon the tvpe of fracture and character of 
the displacement the fracture is gently and carefully mamp 
ulated by means of the pin bars while an assistant mam 
tains traction on the thumb The distal fragment must be 



Fie 41. — Trans'crsi" fracture of radial shaft at junetun of wM 
die ntid lower thirds, with anterior displaceminl of distal frajrment, 
and mdio-ulnar Joint displnecment. A, Splint appliof //. rrwpcra 
tlve X ray film C, I’o'topcratjxe x raj view f), X ray showire firnl 
result, nine wetlcs after injorj Firm K>ny union. Xo protective east 
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derotated into supination during the reduction End to end 
approximation of the fragments may be felt by manipulat 
ing the pm bars When manual reduction has been com 
pleted an assistant attaches the connecting bar assemblj 
and tightens all adjusting screws and lock nuts by hand 
Complete exact reduction may now be obtained if desired 
under fluoroscopic control or bj proper anteroposterior and 
lateral X rajs Distraction is accomplished bj activating the 
tumbuckle by hand or wnth a wrench Complete reduction 
of the fragments is chtamed bj means of the various ad 
justing screws which control each fragment During the 
distraction and adjustment of the fragments it is best to 
have an assistant hold the hand together with the distal 
fragment in proper alignment This can be dispensed with 
if the rotation is locked by means of the lock nuts of the 
tumbuckle before the individual fragments are manipulated 
by means of the adjusting screws tVhen the reduction is 
complete the fragments are mildly impacted in the case of 
transverse fractures before the splint is made secure All 
adjusting screws are then snugly tightened against each 
other and all lock nuts firmlj tightened to insure complete 
splint stabilitj 

FRACTURES OF THE SHAFT OF THE UL>A 

In fractures of the upper third of the shaft of the ulna 
w ith anterior dislocation of the head of the radius the splint 
offers a simple and ideal method of reduction and fixation 
of the fracture dislocation As this fracture is usually caused 
by direct trauma to the ulnar surface of the forearm it is 
often compounded The proximal fragment is displaced an 
tenorly bj the direction of the trauma as well as by the 
brachialis anticus muscle and the head of the radius is 
forced forward tenring through the annular ligament and 
coming in contact with the humerus Damage to the radial 
nene at the time of the injury or resulting from dehjed 
reduction is not uncommon and is due to pressure on the 
nerve b\ the head of the radius 
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Application of the Splint to the Ulna 

The ulna, being almost subcutaneous throughout its en- 
tire length, presents few hazards or difficulties in the pin 
insertions or placements. The pins may be inserted medially, 
laterally, or posteriorly in the upper fragment, and later- 
ally or posteriorly in the lower fragment. The first pin 
should be inserted at least two fmgerbreadths from the tip 
of the olecranon to avoid entering the elbow joint as well 
as injuring the ulnar nerve. The same general rules govern- 
ing the pin insertions hold true as for the radius. The pin 
bars are held parallel to the long axis of the fragment as 
well as at least y. inch from the skin. In the case of frac- 
tures of the upper third of the shaft of the ulna with an- 
terior dislocation of the head of the radius, the upper pin 
bar should be held in slight flexion (direction of displace- 
ment of the upper fragment). By grasping the upper pin 
unit, the proximal fragment Is manipulated into position 
while, at the same time, the head of the radius is pressed 
back into its normal position. As soon ns the connecting bar 
assembly has been connected and the splint mode rigid, the 
fracture dislocation is reduced and fi.Kcd and the head of 
the radius will usually remain in its normal position. 

The first pin of the lower pin unit is inserted at least two 
fingerbreadths from the tip of the ulnar styloid. The pin 
unit is applied in a similar manner as on the radius. 

FRACTURES OF THE SRAFTS OF ROTH DONES OF THE 
rORE.\R.U 

The actions of the muscles of the forearm are compli- 
cated. Be.<5idcs pronatlon and supination which are the most 
important functions and without which the usefulness of 
the extremity i.s seriously impaired, the muscles must also 
flex and extend the antis! and fingers, fn fractures of both 
bones of the forearm the complicated displacements of the 
fragments Avill depend mostly upon the site of the fracture. 
The same rules that govern the disphscement of fragments 
in the case of the radius alone ato hold here except that the 
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displacements are more pronounced The degree of shorten- 
ing ill depend upon the tj-pe and extent of fracture as well 
as the strength of the mu'^cles As a general rule, the 
stronger the muscles the greater the shortening The 
muscles are especiallj strong on the radial side of the fore 
arm causing a greater shortening of the radius and a ten- 
denc\ to pull the radius toward the ulna The radial stjloid 
will be displaced upward in relation to the ulnar st>Ioid 
The hand and distal fragment are usunlb in pronation be- 
cause the pronator flexor group of muscles are stronger 
than the supinator-extensors In fractures abo\e the inser 
tion of the pronator radii teres, the upper fragment ususllj 
IS displaced in supination and flexion due to the action of the 
supinator brevis and biceps The biceps is a strong supinator 
of the forearm Delajed union, malumon and nonunion are 
not infrequentb found, especiallj in the radius 

External fixation when properlj applied will tend to 
o\oid these sequelae While no perfect method has been 
established, external skeletal fixation has a distinct and ob 
\ious advantage over transfixations bj pms or wires in 
corporated in plaster 

Application of the Splint to Fractures of Both Bones of the 
Forearm 

As a general rule, a splint should be applied to each bone 
In case«, however, where wounds of the ulnar side of the 
forearm contraindicate the use of the splint on the ulna 
satisfactory immobilization of the forearm maj be obtained 
b> means of a splint on the radius alone The splint on 
the ulna alone is verj unsalisfactorv and requires the 
application of a plaster cast to obtain immobilization of 
the radius 

A splint is applied to the radius first, as described under 
the treatment of fractures of the shaft of the radius WTicn 
the radius fracture has 1 een reducwl and fixed, the case now 
becomes a fracture of the ulna alone A second «pltnt is 
then applied to the ulna The major reduction is performed 
bv hand through the pm ban, before connecting the exter- 
nal adjusting bar assomblj Secondarv adjustments bj 



F>g 4s. — Iracture cjf upper t>)ird of right ulna and an 
tenor dislocation of head of radius A Kegular radius splint appHrd 
D Preopetatjve x ray film C, Postoperative x ray view Firm union 
m twelve weeks. 
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means of the adjusting screws may be performed under the 
fluoroscope or guided by anteroposterior and lateral x-rays. 
If the lower fragments are properly lined up in supination 
and traction during the reduction and held in proper posi- 
tion by means of the connecting bar, if the ends of the frag- 
ments are felt apposed by gently elicited crepitus, if all 
visible and palpable deformities are manually corrected, the 
chances are that the fracture has been properly reduced. All 
anatomical landmarks will appear in proper position. Full 
passive flexion, extension, pronation and supination are 
usually possible immediately after the splints are made se- 
cure while the patient is still under the anesthetic. Accurate 
anatomical reduction may now be completed unless it is 
contraindicated by excessive swelling or other reasons. The 
integrity of the nerve and blood supply should be ascer- 
tained after the operation. 

Period of Immobilization in the Splint 
The splint usually remains until firm bony union has 
occurred. Clinical union may bo tcstc<i by removing the con- 
necting bar and gently manipulating the fragments; if not 
firm, the connecting bar is immediately replaced. If desir- 
able, the splint may in certain cases be removed as soon as 
the fragments have aufliciently united and a plaster cast 
applied. 

Functional Activity in the Splint 

In the majority of cases of fracture of the radius and ulna 
treated by the splint, active motion of the entire extremity 
is permitted as soon as the general condition of the patient 
and the local condition of the part permit. Full active pro- 
nation and supination are u.sually not obtained until the pins 
are removeif, but varj'ing tfegrees are always possfbfe- 
Active flexion and extension of the wri.st and fingers is 
usually well within normal limits but the strength of the 
hand grip may be decreased. Most patients are able to eat 
and shave and carrj* on with light duties. 
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BADL\ COMMINUTED FRACTURES AND FRACTUBE-DISLO 
CATION OF THE LOM ER FVDS OF THE RADIUS AND ULNA 

The treatment of badly comminuted fractures of the 
loner ends of the radius and ulna nith or uithout dislocation 



of the nrist is often diflicult and unsatisfactorj The proper 
reduction of this type of fracture or fracture dislocation is 
usuallj easily nttained by adequate traction but the prob 
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Jem is to hoJd this reduction. 'When this type of fracture is 
compounded or associated wth extensive soft tissue dam- 
age, such as in the case of associated burns, the problem is 
even more complicated. The regular radius splint is ade- 
quate for the treatment in these cases by transfixing the 
wrist from the metacarpals to the shaft of the radius. 

Pin Placements and Application of the Splint 

The first pin unit is applied to the lateral surface of the 
hand, the pins penetrating the .second and third metacarpal 
bones. Traction by means of the second and third meta- 
carpal bones is anatomically justified because these bones 
complete a single line of force through the radius by means 
of the adjacent carpal bones and ligaments which articulate 
\vith the wrist The first pin is inserted into the lateral sur- 
face of the second metacarpal ju.st below the head. Its 
passage through the second and third metacarpal bones is 
easily felt. The second pin penetrates the lateral surface of 
the base of the second metacarpal and its passage through 
the second and third metacarpal bones is also easily felt. 
The pin bar is held at a reasonable distance from the skin 
during the insertion of the second pin. The upper pin unit 
is applied to the lateral surface of the radius, about its mid- 
dle third. After the application of the pin units, the opera- 
tor ha.s complete control of the hand and forearm by grasp- 
ing the pin bars in his hands (Fig- 42). 

Straight traction on the fingers should be applied for at 
least ten minutes with the elbow flexed at right angles, and 
the forearm in midposition- The traction should be slow and 
steady and not jerk>'' After proper hand traction most of 
the deformity will be spontaneously reduced. The connect- 
ing bar assembly is then applied and hand traction i.s dl.*?- 
confmuod. By acfivaffng (fie turnbuckfe the wrist may 
be distracted and sufTicicnt space developed between the 


Fig. 48.~TUu8tr*Unc combined conw-rratiTc treatjnent and appli- 
cation of eplint in multiple fracturca of the forcam ndth dislocation 
of the tcrist. A, X-ray riew l>efore reduction. D, After con»ervaliTc 
treatment and piaster caiC C, Anatomical rmluclion of ulnar fraeturo 
after application of sniail Stader splint. 
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capitate and radius for replacement of the displaced semi 
lunar bone Anj remaining displacement of the fragments 
IS corrected bj manual manipulation and if necessary aided 
bj the adjusting mechanism of the splint A protective 
plaster cast is seldom necessary Fixation of these fractures 
and fracture dislocation of the ^nst by this method permits 
active use of the fingers and elbow 
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FRACTURES OF THE FEMUR AND PELVIS 

FIlACTUKES OF THE FEMORAL SHAFT 
The most serious of all fractures of the shafts of long 
bones are those of the femur The gravity of the'‘e fractures 
IS due, in most instances, to the severe shock that accom 
panies them Transportation of the patient without immo 
bilization of the fracture ma> cau«e death from shock At 
sea, immobilization by means of a plaster-of pans cast 
affords serious handicaps because, if it becomes necessarj 
for the injured man to abandon ship the cast will act ns an 
anchor Therefore, m the transportation of persons with 
this iypQ of injury over long distances and under such con 
ditions external skeletal (bcation becomes indicated Treat- 
ment of fractures at sea b> traction suspension methods is 
obviously difficult and often impossible 
The easiest type of fracture to treat is that occurring in 
the middle third of the shaft and probably the most difficult 
IS that in the lower third The great majority of fractures 
of the shaft of the femur from the subtrochanteric to the 
<»uprncondjhr region may be treated by external skeletal 
fixation with the splint The proximal and distal fragments 
need only be long enough to properly engage the conv erging 
pins of the half pm units The pms properly engage the 
femoral fragment when they emerge from the opposite cor 
tex at lea'll a centimeter apart The method is applicable to 
fractures of the shaft from I inch below the lesser trochan 
ter to 2 inches above the condyles 

Application of the Splint to the Femur 
A local anesthetic (0 6 per cent procaine) should be used 
whenever po<y?ible In the absence of severe shock and when 
not contraindicated a small do«c of a spinal anesthetic (75 
to 100 mg of procaine) givea ^tisfactorv anesthesia and 
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muscle relaxation for reduction The entire thigh is pre 
pared as in the case of open reduction 

Pin Placements 

In everj femoral shaft fracture it is important to place 
the pins as close to the extremities of the bone as the ana- 




Fig 49— Schematic drawings ot femoral splint. A Stainless steel 
pms D, Pm blocks C, Set screw locking pms D, Hinge bolt. E, Nut 
attaching pm block to hinge bolt F, Mediolateral adjusting screws 
G Anteroposterior adjusting screws H, Adjustable connecting bar 
I, Lock nuts locking bar N Z Adjustable connecting bar assembly 
Note upper pins emerging through opposite cortex above and below 
le'iftft’: ts-viV.wAw 

tomical structures permit This facilitates reduction and 
gites greater stability 

As in the case of all shaft fractures, the upper pm unit is 
applied first The first pm is placed in the channel of the 



Tif: 50, — ,fl ^Mtjon throujjh oppcr third of ncht thJch uppor 
surface showing insertion of pin. if. Section thronch richt ihi^h 2 
inches above condyles of the femur, upper surface shoiivirj; Insertion 
of pm 

larjrc pm bar and in'^erted dirwUj through Iho skin to th« 
trochanter of the femur one fmperbreadth from the tip of 
the trochanter The pin tnU casih pass through the cancel- 
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lous trochanter until it reaches the dense opposite cortex 
just abo\e the region of the lesser trochanter (Fig 49) It 
must penetrate this cortex 

Insertion of the first pin in the case of fracture at the 
junction of the upper and middle thirds must be guided b} 
the fact that the upper fragment is abducted flexed and 
externally rotated In order for this pin to be inserted into 
the lateral surface of the upper fragment with the pin bar 
parallel to the fragment, the pin must be inserted from a 
slightly posterior angle and the pm bar held slightly flexed, 
abducted and externally rotated, so as to conform to the dis 
placement of the fragment Before this first pm is inserted 
into the bone It is wise to check the amount of tension of 
the surrounding skin 

The second pm is now placed m the channel of the pm bar 
and introduced through the skin to the bone as the pm bar is 
held flf leaH 1 mch from the skin to allow for swelling 
which ma^ bo pronounced in fractures of the femur The 
apex of the conscxitj of the lateral surface of the frag 
ment is determined bv gently feeling out the arc of its 
circumference with the point of the pm When properly 
placed, the second pm will penetrate the opposite cortex a 
short distance below the lesser trochanter 

After the introduction of (he pms m the upper unit they 
are locked in the pm bar by means of the set screws B\ 
grasping the pm bar, the surgeon now has complete control 
of the upper fragment 

The third pin to be inserted is the one nearest the knee 
joint and precautions must be taken to make certain that 
this important structure is not inaadcd The pm is inserted 
through the lateral surface of the distal fragment about one 
fmgerbreadth nbo%e the condyle Before inserting pm num- 
ber three, the foffo^vlng conditions sfioufrf 6o carefufly 
checked 

1 The position and displacement of the distal fragment 


Fiir SI •— TransrerM fraclure o( mtdshaft of femur Palient am 
bulatorr ten days after reduction A Splint applied to the lateral 
aspect of the thigh. P \ raya before reduction C D \ ray* after 
retlucUon 
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should be ascertained, so that the pm bar may be 
placed parallel to it 

2 The length of the lower fragment and the thickness of 

the soft tissues should be diecked, so that the proper 
size pin bar is used The regular short pm bar for 
the distal femoral fragment is applicable only in 
thin individuals and in the case of short fragments 
It IS better m heavier patients to use the same size 
pm bar as the one used for the upper unit 

3 The distal fragment and lower leg should always be 

lined up before incerting the distal pm unit This is 
easily done bj drawing a line from the anterior 
superior iliac spine through the center of the patella 
to the interval between the first and second toes 
It IS often opportune to line up the injured with 
the uninjured extremity with the pelvis level m 
doubtful cases By properly lining up the distal 
fragment, the major rotational displacement of the 
distal fragment will have been corrected and the 
maximal mechanical advantages of the splint as* 
sured 

4 In fractures at the junction of the lower and middle 

thirds of the femur or in the supracondylar frac- 
tures of sufficient length, the knee should always be 
flexed to relax the gastrocnemius muscle and facili- 
tate the application of the splint as well as the re- 
duction of the fracture 

In order to determine the correct position on the apex of 
the convexity of the lateral surface of the bone for inserting 
the pms as well as to determine the level of the fracture 
site, it is often advantageous to probe the bone with a long 
hjpodermic needle 

Every precaution for inserting the pin units should be 
meticulously followed iti fratturea of the femur because the 
stresses and strains for reduction and fixation are greater 
than for anj other bone The pin units are the foundation 
of the splint and unless properlj applied no form of external 
fixation can be successful A single pm injudiciously in- 
serted may rum an otherwi«5e successful operation, and it is 
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far better to remove the improper!} placed pm immediate!} 
and reinsert it properl} than to risk ultimate failure of the 
treatment 

As in the case of the upper pm bar, the distal pin bar 
must also be held at least 1 tnc/t from the skin to allow for 
reactionary edema When both pins have been placed 



Fig 52 — Compound iraelurv of shaft of femur A Splint applied 
to lateral aspect of thigh Note lack of svvelling nnd edema. VVoond 
healed D X rays before reduction C X rays after reduction and ap 
plication of splint. 


through both cortices the} arc locked in the pm bar b} the 
set screws is above The operator now has complete control 
of both fngments b} gn^ping the pm bin 


Application of the Connecting liar A«wcmbl> and Reduction 
of the Fracture 

Before appl} mg the connecting bar nsscmbl} , it is best to 
reduce all mijor disphccmonts of the fragments b) hand 
Gradual triction is applied to the lower leg If time ind cir 
cumslances permit or if the operator desires manual tnc 
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tion may be applied until the muscles have become tired and 
are relaxed and then the major iragment displacement may 
be reduced by grasping the pin bars in either hand and 
carefully lining them up until satisfactory position is ob 
tamed The connecting bar assembly may then be applied 
and full reduction achieved by activating the \arious ad 
justing screns and the turnbuckle bar It is easier and 
usuallv more desirable however to obtain extension by 
means of the instrument itself The procedure recommended 
IS as follows 

1 The pin bars are grasped in each hand and the frag 

ments are gently lined up In fractures of the lower 
shaft, it 13 advisable to flex the knee over the table 

2 ^tTiile the operator holds the fragments m alignment 

by means of the pin bars an assistant applies the 
connecting bar assembly and tightens all adjusting 
screws by hand The fragments are now fixed ex 
cept for rotation which is permitted by the motion 
of the turnbuckle bar If no further reduction is de 
sired at this time and the surgeon desires only to 
immobilize the fracture in good alignment the lock 
nuts of the turnbuckle bar are securely tightened 
nith two WTenches and all adjusting screws snugly 
tightened against each other with wrenches Finally 
the nuts connecting the pm bars to the connecting 
bar assembly are tightened The splint is now se- 
cure and the fracture immobilized If complete re- 
duction IS desired the following steps are added 

3 While an assistant holds the lower extremity in proper 

alignment so as to prevent rotational displacement 
during traction the operator activates the turn 
buckle bar to obtain the desired amount of traction 
This may be roughly measured by the number of 
threads on the turnbuckle Traction by means of the 
turnbuckle should be performed \ery slowly to tire 
the muscles and allow for their proper relaxation 
Excess traction or oierextension is dangerous so 
excessive force should never be applied to the 
wrench activating the turnbuckle In fact inmost 
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cases sufficient traction inaj be obtained b) turning 
the tumbuckle b> hand after the muscles ha\e 
tired 

4 After the shortening has been reduced by sufiicient but 

not excessi\e traction, full correction of the later* 
all> displaced fragments is non obtained bj turning 
the \anous adjusting screws As one adjusting 
screw is tightened the corresponding screw must 
first be loosened This is neccssaty because the ad 
justing screws tighten and lock against each other 
If this IS not obserxed the pm bar ma> bend or 
break All movements of the fragments b> means of 
the adjusting screws should be performed casilj 
xvithout the use of force If the adjustment appears 
difficult, the fragments are not gliding past each 
other as they should, but probably impinging on 
each other Further attempts at forang the adjust* 
ment will produce either additional fracturing of 
the bone or unnccessarj strain on the instrument 

5 After the shortening and lateral di'^placcment of the 

fragments ha\e been corrected the fragments, in 
case of fransicrsc fractures, arc impacted or flrmlj 
apposed This IS performed b> gcntlj actuating the 
tumbuckle with a wrench The fragments are easilj 
felt as thej approximate each other '^Tien this is 
completed the splint is made rigid as described 
aboxe 

5pirnf fractures of the shaft of the femur, as xxell 
as the iiregularlit obUgue xanetj, maj be as diffi- 
cult to minipulate and reduce bx external fiX&tion 
as bj inj other method It is mechinicallv difficult 
in the<<c cases, even under direct \ision dunng open 
ta br/ng" tfte spitosen^ ^ttcfeccs <?/ the 
fractured fragments together hen treating this 
tjpe of fracture it ma> be well to follow the fol- 
lowing procedure 

a Obtain sufficient length with the tumbuckle 
but do not lock rotation by locking the turn 
buckle bar 
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b \Vhile an assistant supports the lower leg, prof 
erably with the knee flexed over the table, 
loosen all adjusting screws which control the 
pm bars to their maximum extent 
c Proceed to manually manipulate and adjust the 
fragments They may often be felt to slip into 
place after the first manipulation If pointed 
fragments are entangled in the surrounding 
fascia they often slip free by gently rotating 
the fragments In every case, it is necessary to 
have the proper amount of traction With the 
added advantage of the ability to rotate either 
fragment on the turnbucklc most shaft frac 
tures may be successfully reduced 
Accurate reduction in irregular spiral fractures 
js not always necessary Perfect functional results 
are obtained if good alignment without shortening 
can be held until firm bony union has occurred 
In compound fractures, the fragments are usuallv 
reduced under direct vision This situation is ideal 
for the employment of the splint because under 
direct vision the fragments may be easily manipu 
lated by means of the adjusting screws until exact 
anatomical reposition of the fragments is accom 
plished This can be done with safety to the patient 
since the fragments are not handled or manipulated 
in the wound The fact that no additional immobil 
ization such as the application of a plaster spica 
IS necc‘!sary, creates an immediate postoperative 
condition which is not only ideal for the patient in 
that It decreases the operative time but also for the 
surgeon who is spared a lot of unnecessary work as 
well as making his services available for the care of 
other casualties 


Fig 53^>^upracond)}ftr fracture of femur v^^lh raarkctJ down 
ward dfjplaccmcnt of the distal fraRmnt. A JJ X rsy* before re- 
duction C P \ rays after reduction and application of the reffular 
femoral splint. Note that the plna irrasp the lower frajrnent sufS 
cienUf to permit a good porchase The pin bar is hell at a diftarce 
from the skin The pins do not penetrate the kree P F, Final x rays 
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Postoperative Care in Fractures of the Shaft of the Femur 

^Vhether simple or compound, all fractures of the shaft 
of the femur should be considered serious, and proper treat- 
ment of shock instituted The leg should be elevated in a 
comfoTtaWe position vnlh the knee slightly flexed Imme 
diately after the application of the splint and the return to 
bed unless hemorrhage and progressive swelling contram 
dicate mov ement, the patient should be encouraged to mov ehis 
toes and ankle to improve the circulation of the extremity 
Unusual pain which necessitates the use of morphine after 
the first twenty four hours should make the operator sus 
picious of infection, progressive hematoma formation caus 
mg fascial distention or thrombophlebitis When the latter 
condition is suspected a paravertebral sympathetic injec- 
tion of 80 cc of 0 5 per cent procaine is given in either the 
second or third lumbar segment or both The injection 
may be repeated m three or four hours which is usuallj all 
that 13 required The pain incident to thrombophlebitis dis 
appears immediately after the injection and the swelling 
usually subsides m twenty four or fortj eight hours The 
prophj lactic use of this simple injection in severely com 
minuted femoral shaft fractures, following the application 
of the splint, is suggested 

Cere of the Pm Sites — A sterile dry gauze protective 
dressing is used as long as necessarj The skin about the 
pins is not rubbed and injudiciously swabbed with antisep 
tic solutions because this tends to loosen the skin from the 
pm and violates nature’s protective reaction A light spraj 
of one of the sulfa powders is n convenient treatment for 
the pm sites but its use should not be continued over a long 
period of time Bulkj dressings which tend to irritate and 
macerate the surrounding skin should be avoided 

Length of Bed Rest — Depending upon the indiv idual case 
the patient should remain in bed until the reaction of the 
trauma has subsided In the average case this will be about 
two to three weeks Active and passive motion of the joints 
are encouraged as soon as the general and local conditions 
permit, the sooner the better If after the application of the 
splint, the knee is passHelv flexed so as to split the iliotibial 
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band structure, the knee motion may be somewhat more 
free 

Length of Immobilization — Generally speakin?, the splint 
should remain until firm bony union has occurred In the 
a\erage femoral <»haft fracture this will require from four 
to SIX months Periodic check x rajs are taken to determine 
the amount of callus as well as the position of the frag- 
ments After removal of the splint in ca««es where union is 
not firm enough for weight-bearing, it is advisable to applj 
a protective plaster cast or splint during the earlj stages of 
weight-bearing 

rransierse fractures of the shaft of the femur should be 
anatomicallj’ reduced, well impacted, and immobilized for at 
least SIX months in the splint If the splint is removed be- 
fore SIX months, there is danger of secondary displacement 
of the fragments even though the fracture appears firm 
When plaster cast immobilization is used m conjunction 
with treatment bj external skeletal fixation, and the splint 
IS removed before six months, great care should be taken in 
the application of the plaster cast which should extend from 
the ribs to the toes on the involved side, and include the 
thigh of the opposite side The patient should be handled 
with extreme care during the interval between the removal 
of the splint and the application of the cast Poor results in 
the treatment of transverse fractures by external skeletal 
fixation are chiefij due to inaccurate reduction, failure of 
proper impaction, nonngid and interrupted fixation, and 
immobilization for too short a period of time It takes at 
least six months for firm bonj union in these case« The 
interposition of soft tissues as a reason for delijcd and non 
union in these ea«es can be explained bv the fact that the 
osteoid tissue between th*» fragments is injured and fibrosi'* 
of the osteoid tissue results 

AVccssiiy for Coitlroned Impaction tii Transverse Frar- 
furc — ^Thc most common and serious complications of trans 
verse fractures of the femoral shaft are dehyed union and 
nonunion Their incidence is espccnlh high in treatment 
bj external fixation because of the mechanical distraction 
of the fragments which prevents the hcivj thigh muscles 
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from bringing the bone ends m apposition There is also the 
added factor of bone absorption at the fracture site Many 
have failed to appreciate the extent of this bone absorption 
which occurs in some fractures Controlled impaction of 
transverse fractures should be routinely performed about 
the tenth and twentieth days The turnbuckle may either be 
activated by hand or by means of the wrench, and the im- 
paction of the bone ends or preferably, the firm apposition 
of the bone ends, may easily be felt The amount of impac 
tion may be determined by the threads of the turnbuckle as 
well as bj the feel In every case the leg must be held m 
alignment by an assistant during the operation so as to pre 
vent rotational displacement. After impaction, all lock nuts 
of the turnbuckle bar must again be securely tightened 
ATaintominp the Rtgidity of the Spimi during ImmohiU 
tzation — All lock nuts and adjusting screws must be ex 
amlned from time to time during the entire period of 
immobiUzation and those that may become loose which is 
very unusual, tightened This insures the constant stability 
of the splint 

SUDTROCHANTERIC FRACTORES OF THE FEMUR 
Fractures of the subtrochanteric region are hard to man 
age by external skeletal fixation Satisfactory rigid fixation 
of the femur in this region may be obtained by applying a 
right-angled pm unit to the trochanter and a second pm unit 
to the lateral surface of the lower shaft of the femur and 
bridging the bars by the external adjusting bar assembly 
(Fig 55) This method of application of the splint permits 
some adjustments of the fragments as well as impaction 
and IS applicable also to operative procedures in the sub- 
trochanteric region (Fig 56) 

The first pm is placed through the hole m the right-angled 
pm bar and drilled through, tlw* txochantec w. ita awtervor 
surface about three fingerbreadths distal to the anterior 
superior iliac spine (Fig 65) The second pm is passed 
through the opposite arm of the bar and drilled through the 
lateral surface of the trochanter at right angles to the first 
pm The pins are then locked in the bar The lower pm unit 
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js applied to the lateral surface of the lower end of the 
femur using the technique as set forth previouslj After the 
major displacement has been corrected bj hand the extcr 



ABC 


Fit? 54 — Spiral subtrocl anteric fracture of the femur in a patient 
>Aith tabes dorsalis Note the absorption of the head and neck of the 
fimur and displacement of the trochanter above the acetabulum 
I enirthcninj; of the femur was accomplished hr aetiiatinir the turn 
buckle after the applieat on of the splint. Fracture healed in nomal 
lime Function of Icp better than before fracture as a mult of added 
leg length obtained 

A I holograph of patient snth spl nt applied B X rays before 
reduction C \ rays alter reduction Isote lengthenine ol the fetaur 
obtained by activating the tumbucLIe The regular femoral splint 
was used in this case Note small grasp of trochanter 1 y the converg 
Sng pins 

tinl b’lr is applied and secured. Rigid fixitbn of the bone is 
obtained without the u<c of pH^tcr and allows motion of the 
knee and hip 
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Fi? 65— Dia^ammatie drawing o£ special application of tlie 
femoTal splint in the treatment of subtrochanteric Iractares of the 
femur ISotc ri^ht angled pm unit for upper fragment, one pm In 
sorted anteriorly and one pm laterally through the trochanter The 
regular pm unit is applied to the lateral surface of the lower third 
of the femur The adjustable connecting bar assembly connects the 
pm bars on the lateral surface parallel to the shaft of the femur 
Lock units on tumbuckle bar are not show-n 
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Fig &C —Application of the femoral splint with the right angled 
pin bar for the upper fragment. In the treatment of auhtroehantenc 
fractures of the shaft of the femur. TTiIs application jrivcs ngid tira 
tion stilhout plaster support. In this case, a high suMrochanteric 
osteotomj v.as performed 
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FRACTURES OF THE PELVIS 

In certam se\ere fractures of the pelvis it is often desir- 
able to apply lateral traction to reduce the fracture, as v ell 
as to maintain reduction. This may be accomplished by in- 
serting a half-pin unit in the lateral surface of the trochan- 
ter of the femur for traction purposes (Fig. 57). This appli- 
cation is suggested whene\er lateral traction on the upper 
femur is desired. 


Fiff. B7.— llnltiple fractures of the pelvis Muth upward displace- 
ment of the Tight side, fracture and inward compression of the sacrum 
and sciatic parsbsls. Rubber catheter in bladder 

A, Before reduction B, After reduction and application of lateral 
traction by means of a regular femoral half-pin unit applied to the 
lateral surface of the upper end of the femur. Note the distraction 
of the encroiliae joint. C, Distraction of sacroiliac joint corrected after 
proper adjustment of traction 



CHAPTER XIV 

FRACTURES OF THE TIBIA AND FIBULA 

In fractures of the fibula and malleoli and of the tibia 
without displacement a properlj applied unpadded plaster 
cast 13 sufiicient In fractures of the tibia with displacement 
v.e prefer external fixation We have been using the Stader 
reduction and fixation splint for about eighteen months, dur- 
ing which period forty-seven fractures of the tibia have been 
treated b> this method The results have been uniform and 
better than with any method we used m the past 
External sVeletal fixation is ideal for fractures of the 
shaft of the tibia, especially those that are compounded, 
comminuted, or associated with severe soft tissue iiyury 
In transverse fractures, which so often are the cause of de- 
layed union or nonunion, and m extensive fractures with 
loss of bone substance, the splint is of special merit In such 
cases the normal length of the leg is maintained until heal 
mg IS well established and reconstructive surgery has been 
accomplished 

CLASSIFICATION OF FRACTURES OF THE TIBIA AND 
FIBULA FROVr THE STANDPOINT OF TREATMENT BY 
EXTERNAL SKELETAL FIXATION 

A Acute fractures — simple and compound 

1 Fractures with long proximal and long distal frag- 

ments (Figs 57a, 58, 68) 

2 Fractures with short proximal and long distal frag- 

ments (Fig 63) 

3 Fractures with long proximal and short distal 

fragments (Figs 61, 62) 

4 Fractures with short proximal and short distal 

fragments (Fig 64) 

6 Fractures with long proximal and comminuted dis- 
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tal fragments (no major distal fragment) 
(Figs 65, 66) 

6 Fractures with short proximal and comminuted 
distal fragments (Fig 67) 

B Compound fractures with osteomyelitis 
C Old ununited fractures with or without loss of bone 
D Old ununited fractures with chronic osteom>ehtis 
E Old fractures with malumon 

APPLICATION OF THE SPLINT TO THE ^ ARIOUS TiPES OP 
ACUTE FRACTURE OF THE TIBIA AND FIBOL,V 

Fractures with Long Proximal and Distal Fragments 
Fractures with long proximal and distal fragments com- 
prise by far the great majoritj of fractures of the shaft of 
the tibia and require the use of (he regular tibial splint 
(Figs 670,58,69). 

Sites of Splint Placemeni — The site of election is on the 
anteromedial surface of the tibia Howes cr, it may be ncccs 
sar} in certain circumstances, such as m wounds of the 
anterior surface, to place the unit on the anterolateral or 
media! surface, as the case demands 
Pm P/occmcKts — The first pm (pins are inch m 
diameter and 6 inches long) is inserted dircctlj through 
the shin about one or two fingerbreadths from the upper end 
of the tibia just medial to the tibial tubercle During the 
insertion of this first pm, the pm bar much be held parallel 
to the proximal fragment, because the greater the anti- 
parallelism between the pm bars and their corresponding 
fragments, the greater the restriction of the reduction 
mancm ers 

inserting the second pm in the center of the shaft 
the pin bar should be held about H inch from the skin so as 
to alJon for anj' «econdarj swelling should it occur The 
pins are then locked m the pm bir by means of the «ct 
screws 

The third pm is now inserted m the distal fragment about 
two fingerbreadths from the lower end of the tibia just 
medial to tlie tibialis anticus tendon, it being again made 
certain that the pm bar is held parallel to the distal frag- 



110 


ifANUAL OF FPACTUBES 


ment Again when inserting the fourth pin, the pm bar is 
held about % inch from the skin and when applied properly, 
the pm bars will not only be parallel to their respective 
fragments but will be parallel to each other when the frag 
ments are properly lined up 



Tig 5<a. — Dia^ammatie drawing of the reffulor tibial splint as 
applied to the anteromedial aurface of the tibia 

Application of the Adjusting Assembly — The surgeon 
now grasps each pin bar and manually corrects the ma- 
jor displacement of the fragments including the rotation 
by bringing the distal fragment m line with the proximal 
This alignment can be readily checked by a line dra^vn from 
the anterior superior iliac spine through the center of the 
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patella to the interval between the large and second toe. 
When there is a question about proper alignment, the in- 
jured side can be compared with the uninjured side. 

While the surgeon holds the pin bars in their corrected 
positions, an assistant applies the external adjusting ap- 
paratus as described previously. 

liedttcUon of the Fracture . — ^As stated above, most of the 
‘major correction, including the rotational displacement, is 
corrected by hand, before the adjusting assembly is con- 
nected to the pin bars. Complete reduction may now be per- 
formed or delayed for several days as the circumstance*? 
demand; for example, in transverse fractures associated 
with extensive soft tissue injur>’ or in badly comminuted 
fractures immediate full extension may not be advisable, 
and in cases of multiple casuaUic.s the time factor may not 
permit immediate individual reduction. In such cases, by a 
simple tightening of the screws and lock nuts, the unit will 
act as a rigid splint, the sccondarj* adjustments or reduction 
maneuvers being performed later, often without the need 
of an anesthetic and with or without fluoroscopic control. 
The actual reduction afforded by the various adjusting 
screws has already been described. 

In the reduction of the fracture it is well to keep in mind 
the following points; 

1. Lateral displacements cannot be corrected before the 
shortening h.'is been corrected. 

2. Overextension damages the soft tissues and is danger- 
ous. Because thi.s mechanical splint with its powerful turn- 
buckle exerts such tremendous force with such case wo must 
become imbued with a spirit to save the soft tissues and 
never use force. 

3. If at any time during the reduction maneuvers it 
seems to Ik ncce.s.'^ary to use force, stop, ioosen a?f arf/asf. 
ing .Bcre\v8 and lock nut.«i, and start over again. In some 
caces it is better to remove the entire adjusUible connecting 
bar assembly. 

•J. If the limit of the adjustment reduction has been ob- 
tained without having achieved adequate ro<luction of the 
fragment, it t.s be.st immediately to remove the improperly 
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placed pm and to reinsert it AMth the pm bar m the proper 
place 

5 Pins must be inserted through the opposite cortex 

6 In spiral fractures of the tibia when difTicultj is en 
countered in the reduction maneuvers of the splint, it is ad 
visable to use straight traction on the leg for fifteen to 
thirt} minutes followed bj hand minipuhtion of the frag- 
ments through the medium of the pin bars before nppHing 
the connecting bar assemblj If this is unsuccessful soft 
tissues are probablj interposed between the fragments and 
should be surgicallj remoxed 

Fluoro’feopic and X ray Control /o> Ptn Insertion and 
Reduction — The pins ma> be accuratelj inserted from cor 
tex to cortex w ithout the aid of the fluoroscope It is usualh 
eas> to feel the pm go through each cortex As a rule it is 
better to insert the pins a little too far because later the> 
maj be casilj pulled back with the hand chuck if the check 
X ra> films show them to be too far in 

It 18 also preferable, as a general rule, to guide one’s re- 
duction maneuxers bj the anteroposterior and lateral x 
ra> films rather than bx the fluoroscope One should train 
himself to Msualirc accuratel> not onl> the fracture dis 
placement but also the mechanisms of the splmt and the 
forces to be overcome m order to effect proper reduction 
of the displacement The dangers of excessive irradiation 
to the surgeon are well known but not sufTicientlv ac- 
knowledged 

Check X-rays and Sceondarir Adjustments — Depending 
upon the t>pe of fracture check x ra>s are taken from 
time to time to determine not onlj the presence of callus 
formation but also the position of the fragments and the 
neccsaitj for seeondarv adjustments In cases of transverse 
fractures, gentle controlled impaction should be performed 

Tie C8. — nrinilar tibia! fplint applied to the anteromedial aurface 
J the lee for a spiral fraeture ot the tibia at the Jusetion of the 
middle and lower thirds I’atlent had been treate«l by tran»f xation with 
pins in plaster 

A Showintr application of vpltnt to anterotredia! surfaee of tibia 
B, Prereductlon x rays Note tcansfixatlon pm* in plainer and i»or 
redaction. C, Po*'redactlon * rays 





Ficr 69 



FRACTURES OF THE TIBIA AND FIBULA 


115 


about the tenth and twentieth d-ws to pre\cnt delajed or 
nonunion 

Length of Immobiltzaiton tn the Splint — Immobilization 
should be continued until firm bon^ union his occurred 
The progress of union can be ascertained bj simplj remo\ 
mg the external adjusting assembly and testing by hand If 
firm union has not occurred the a‘»sembl\ is immediate^ 
replaced The period of immobilization will \ar\ ^nth the 
indnidual and the tjpc of fracture As a general rule, the 
earlier and more constant the weight bearing in the splint. 



Fiff 60 — special pin cutter to cut excc«s pm length 


the earlier the union One '•hould therefore strive for eirlv 
and continued weight bearing in the imbuJaton patient 
It ma> sometimes become necc>3ar> to remove the splint 
lif/ore fjrm uujot hts ocriwred, far example upon 
premature discharge from treatment or when the splint is 
required for another patient It maj, therefore be staled 
that the splint will have satisfaclorilj accomplished its pur 

Fir 59,— Jlcjnilar tibia! splint ®pplicJ to tJie medial surface of 
tbe Icj* for a commlnulc*! spiral fracture of the tnldiVaft of the ti* ia. 
I sees* pm Icnirth Is rcmoYcd ly p n cutter Fic 60) il Pre 
redorUon t rays. C Postrcdoctlen * rays. 
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pose if it 13 allowed to remain for the length of time one 
would othermse use continuous traction or transfixation in 
plaster, that is, from six to eight weeks A plaster cast 
with incorporated walking caliper may then be used as an 
adjunct to treatment 

Fractures with Short Proximal or Distal Fragments 
With a fracture of the shaft of the tibia in which there 
IS a short proximal or distal fragment that w ill not allow 



Fjg ei^Diagrarntnatic drawing oC the tibial splmt as applied to a 
short distal fragment. Note special nght-angled pin unit. 

the comerging pms of the regular tibial pin bars to satis 
factorily engage the fragment, a special right angled pin 
bar IS u«ed (Figs 61, 62, 63) The pins In the right angled 


f ij: C2 — 4, AppJfcatio;? ot the Jplint wjth n;h* arrJeJ pin f »r to 
» eomtninulcd spiral fracture of Ihe lower end of the tibia Note that 
the lowr lint have been int^rte*! on either sMc of the extensor ten 
don* D, Preoperaliie x raj*, C Po*»re«lac'Ion x ray* 



Fig C3— /t Application of the nght angled pin bar in the case of 
ft short proximal fragment The splint was applied to the lateral as- 
pect of the log fn this case because it nas necessary to transfix the 
lateral condyle of the tibia mth one of the pins of the right angled 
pin unit. It IS usually more desirable to applj the spl nt to 
teromcdial surface of the tbfa B Prereduction x rays- Severely com 
minuted extensive fractures of the upper and roWshaft of the tibia. 
C D Postreduction x rays anteroposterior and lateral Note old 
healed fracture of lower shaft of the tibia 
116 
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pm bar pass through the bone from cortex to cortex at 
right angles to each other and will therefore allow one to 
engage a fragment as short as ty or 2 inches In the lower 
fragment the pms are inserted m the anteromedial and an 
terolateral surfaces so as to avoid penetrating the extensor 
tendons or their sheaths and also to permit the splmt to be 
applied to the anteromedial aspect of the leg Before apply- 
ing the right angled bar one should place it on the desired 
aspect of the leg and visualize the position m relation to 
the splint as a whole The bar portion of the right angled 
pm bar must also be held parallel to the fragment during 
the insertion of the pms and also parallel to the pm bar of 
the mam fragment This is necessary to obtain the max 
imum amount of reduction by means of the various adjust 
ing screus as described 

Comminuted Fractutea of the Distal End of the Tibia 

It IS obv lously impossible in comminuted fractures of the 
distal end of the tibia to apply either a regular tibial splmt 
or one with a right-angled unit attached as previous!} de 
«cnbed It is necessary to transfix the fractured leg from 
the proximal fragment to the os calcis and this is accom 
plished by applying a right-angled pm bar unit to the os 
calcis in such a ua> that one pm is inserted transverse!) 
through either the lateral or medial surface from cortex to 
cortex and the second pm is inserted in the posterior aspect 
of the os calcis just distal to the insertion of the Achilles 
tendon passing longitudinally into the body of the os 
calcis for a distance of about IV* or 2 inches (Figs 65 
66 67) 

Before attempting any reduction maneuvers m these 
cises it 13 essential to obtain proper extension by slowly 
activating the turnbucklc When the check x ray films show 
that the astragalus has been properly distracted from the 
mam proximal tibial fragment one can usually replace the 
dista’l fragments by band The lunction of the sphnt m 
these cases is to 

1 Line up the mam proximal fragment with the astrag 
alus and foot 
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2 Distract the mam proximal fragment from the astrag 
alus so as to make sufficient space for reposition of the dis- 
placed comminuted distal fragments The ligamentous at 



Fig C5— DMgrammatic drsnini: ot the spphcaUon of a rIgM 
angled pm unit to the os calcls. One pm Is ^n^erted through both cor 
liees of the os e^cis from its media) or Jatera] aspect and the seeerd 
pm penetrates the posterior aspect of the os calcls for n distance of 
or 2 Inches This method of splint application Is lued for tom 
minuted fractures of the distal end of the Ubia (no major distal frag 
ment) A regular half pin unit or a right angled unit map be us^ 
In the proximal fragment. 


tachments still adherent to the fragments uilJ \or 3 often 
•pontaneouslj reduce the major di’splaeemcnt'i -uith proper 
controlled distraction which is afforded h> thi<i splint 
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Fii' C7, — A, Application of the splint in the case of extensive 
fractures of the entire tibial shaft with a short proximal and no dis 
tal fm^enL A right angled pm unit is inserted tn the proximal 
fragment, and a right angled unit in the os caleis. The adjustable 
eonnccting bar assembly connects the two nght angled pin bars. A 
plaster cast Is re<iuired to support the central shaft fragments In 
this ea<e there were multiple compound fractures of the entire shaft 
of the left tibia vnth marked dislocation and disruption of the enkle 
joint There was also a trimalleolar fracture with dislocation of the 
ankle on the right side The sptmt was applied immediately after in 
}ur> and while the patient was receiving plasma for shock Local an 
esthcsia was used and a thorough debridement was i>crfoniied and 
the wounds lightly packed with vaseline gautc after the implantation 
of solfanilamide The wounds healed without infection Union of the 
tibia was obtained in good position and alignment. B, FreoperaUre 
X ra>*s (3 pictures) showing extent of fractures and dislocation of 
the ankle joint. C, Fostredoction x rajs, ahleropostenor and lateral 
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INCIDENCE OF FRACTURES OF THE LOWER LEG 
Fractures of the tibia and fibula are more common in the 
Navj' and Marine Corps than fractures of any of the other 
long bones of the extremities (see Tabulation) ; compound 
fractures are more frequentlj' obsen'ed in the tibia and 
fibula and the incidence of being invalided from the sendee 
is higher for fractures in this region. 

TABULATION 


Number of Fractures or Lose Boses or Extbemitie.<5 is the 
U.siTED States Navy, 1940 


Bone 

Simple 

Compound 

Total 

Fibula 

184 

2 

18(/ 

Tibia 

89 

19 

lOS 

T^bia and filiula 

84 

21 

105 

Radius 


1 

183 

Ulna 

54 

4 

5S 

Radius and ulna 

28 

5 

33 

Humerus 

44 

0 

50 

Femur 


7 

49 


NONUNION AND I)EL.VYEI» UNION AS FACTORS IN FOOR 
RESULTS 

Nonunion and delayed union arc more commonly associ- 
ated with the transverse fractures of the lower third of 
the tibia than with any other type of fracture. Failure of 
bony union, according to the statistics of Brun'». occurs in 
0.5 per cent of all cases. Scudder, on the other hand, finds 
an incidence of nonunion of 2 to 3 per cent and Hey Groves 
of 4 to 5 per cent. Henderson at the Mayo Clinic found 
that of 211 cases of pseudo-arthrosis in which ojieration 
was done, 66 per cent were due to fixation by plates and 
5crew.s. Scudder found that in 70 per cent of thirty-two 
cases pseudo-arthrosi.s resulted from the same cau«e. 

In the transverse fractures of the lower third of the tibia, 
callus forms slowly because the mwiullar)' cavity presents 
a small opening, because the transversely tom periosteum 
ia not separated from the bone, because of the poor blood 
supply and frequent injury to nutrient ve.s«cU in this ns 
gion, and because the tibia has no muscle covering on ita 
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anterior or medial aspect It requires ten to twentj weeks 
for union to become firm Callus forms on the posterior and 
lateral aspects only Owing to poor blood supply, inflamraa 
tion m the lower leg is always slow to respond to treatment 

Poor treatment is more often the cause of delayed union 
and nonunion than is the injury itself The following should 
be considered as eontriinding causes of delayed union and 
nonunion 

1 Interposition of soft parts 

2 Faulty position of the fragments 

3 Frequent intemiplion of fixation 

4 Too brief fixation 

5 Distraction of fragments by too strong traction 

6 Multiple fractures of the shaft 

7 Fracture of tvbia with the fibula intact 

8 Constant moving of the fragments upon one another 

9 Infected fractures without adequate drainage 

10 Extensne removal of fragments in comminuted open 

fracture 

11 Internal fixation by plates and screns 

12 Lack of fixation as m congenital fractures 

13 Massage and passive movements of fractures 

14 General disease— such as, gumma, carcinoma, sar- 

coma, osteomyelitis tuberculosis osteomalacia and 
rickets 

CLINICAL ANALYSIS 

1 All oblique fractures unite much more rapidly than the 
transierse type The average period of immobilization of 
oblique fractures was elgh^ three days, and of transverse 
fractures 157 days 

2 Four severely compounded fractures of the tibia re- 
sponded to treatment with the Stader splint in a manner 
similar to that of the simple type 

3 The splint may be applied seieral days after fractures 
occur, and satisfactory results may be obtained without 
open reduction In one case the splint was applied fourteen 
days after the fracture, and in another thirty-four days 
after the fracture The men were restored to duty without 
any disability (See Figs 69, 70 ) 
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4. By means of the Sladcr splint all fractures were re- 
duced and maintained in the desired position without any 
difiiculty. 

6. No infection occurred about any of the pin sites. The 
average period of healing of the sites was sb: days (Fig. 
70, D). In only two cases was there a delay in healing, in 
one case fourteen days and in the other twenty days. This 
delay in healing was about one pin site only in each case. 

6. Bone reaction to pins was that of a very slight perios- 
teal thiclfcning about a few pin sites. No sclerosis about 
pin sites or osteomyelitis was seen. 

7. All patients had complete motion in knees and ankles 
in an average of fis*e days after application of the splint. 
No physical therapy was required in any case. 

8. All patients other than those with associated injuries 
became ambulatorj* (using crutches and partial weight- 
bearing) the day following the application of the splint. 

9. By means of e.xtcrnal fixation patients are restored to 
duty much earlier than those successfully treated by inter- 
nal fixation. (See Fig. 71.) 

10. Cases of acute or chronic osteomyelitis following In- 
fection after internal fixation are being treated successfully 
by Stader splint after removal of the plates and screws and 
thorough saucerization. (See Fig. 70.) 

11. Transfuxation pins incorporated in plaster are not 
always a succcs.sful method either for reducing the frac- 
ture or retaining it in proper position. Two patients ad- 
mitted after the fracture fragments were not properly 
reduced by thi.s method elsewhere had the cast and trans- 
fixation pins removed^and a Stader splint applied. Reduc- 
tion was easily obtaim^ and maintained. (Sec Figs. 69, 70.) 

12. The Stader splint Is ideal for treatment of commin- 
uted fracture of the tibia where accuracy of reduction Is 
essentfai to avoid impaction or distraction. (See Fig, 67.) 

13. Multiple fractures of the .ihaft, whether simple or 
compound, are amenable to this method of treatment, which 
is better than any other method that wc h-ivc tried. (Sec 
Fig. 67.) 

14. In old fmcturc.s with considerable lo^s of substance of 
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CASF RFrOKTS 

E S (see Fig 69), aged fiftj-three >eaM, on Septcm 
bcr 9, 1942 suffered an injurj consisting of a simple 
oblique fracture of the distal third of the right tibia and 
a simple comminuted fracture of the proximal third of 
the right fibula He had two-pin tran«fixation and cast 
■with un^atisfactorj* reduction elsewhere Cast and pins 
were rcmo\ed October 6 and a Stader splint was applied 
October 26, thtrt>-four da>s after the {njur> The pa- 
tient was out of bed b> No\cml)cr 6, with partial weight- 
bearing on crutches Full weight bearing began Decem- 
ber 1, and the splint was removed December 22, 1D42 
Firm union resulted Total immobilization with the splint 
occupied seventj-seven daja Because the patient had de- 
veloped bronchopneumonia one week after mjurj and suf- 
fered the additional serious handicap of bhndtiets weight- 
bearing in this ca'ie was dela'ed 

Final result • full function 
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E S (see Fiff 70), aged fiftj -three vcars, had previ- 
ously suffered a compound fracture of the lower right leg 
on Januarj 19, 1941, followed bj osteomyelitis On Sfarch 
10, 1942 he refractured the right tibia and fibula Pre- 
vious treatment elsewhere consisted of two-pm transfixa- 
tion and cast which resulted m unsatisfactory* reduction 
The cast and pins were removed and a Stader splint was 
applied on April 14. 1942 The patient had chronic osteo- 
myelitis vnth a draining sinus He was out of bed on 
crutches wnth partial weight bearing by April IG The 
splint was removed July 1 Firm union had resulted, but 
a walking cast was applied which was removed on July 
22, 1942 Immobilization m the splint had been main- 
tained for seventy -eight days, and m the walking cast for 
twenty-two days, making a total of 100 days of immo- 
bilization 

Final result firm unions, sinus completely healed 
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E B (see Fi{j 71), aged fiftj-three >e*irs, had had a 
previous fracture of the tibia on Julj 23, 1910, ^^hlch was 
plated elsewhere He Tctumed to work eleven months 
later On December 12, 1942, he sufTered a simple oblique 
fracture of the distal third of the same tibm and a frac- 
ture of the middle third of the fibula A Stadcr spimt was 
applied December 18 and partial wcight-bearing with 
crutches began the next da> Full weight-bearing was 
allowed Februarj 1. 1943 X-raj on Januxrj 31, 1913, 
shows verj* good union after a period of fiftv da 5 s of im 
mobilization with the splint 
Final result firm union 
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tibia, where a bone graft must bridge a large space, the 
Stader splint is ideal for the firm implantation, fixation and 
set of the bone graft No sutures, screws, or other foreign 
bodies are necessary 

15 In most cases it is desirable to remove the splint in 
eight to ten neeks and replace it with a nonpadded walking 
cast to complete the period of convalescence and firm union 
This will avoid unnecessary retention of the pins in the 
bone and render the splint available for use on other cases 
In certain cases it will be desirable to retain the splint for 
a longer period of time The judgment of the surgeon will 
determine the time factor 
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FRACTURES OF THE OS CALCIS 

Fractures of the os calcts present unusually difilcult prob- 
lems in reduction and restoration of function. The impor- 
tance of these problems is growing with the increase in the 
number of such injuries not only in combat, but in men in 
training, on the athletic field and even on liberty. Airplane 
crashes, parachute jumping and explosions aboard ship are 
augmenting the incidence of these fractures. Explosions of 
mines or torpedoes against a ship lift the men off the deck 
and cause an injury in landing similar to that of a fall. 
Fractures of the os calcis arc also sustained from deck vi- 
brations caused by e.xpJosions or neor misses. With this 
material increase in the number of os calcis fractures it 
becomes the duty of the medical officers of the armed forces 
to make every possible effort to expedite the return of the«e 
casua]tic.s to dut}% 

The first real scientific approach to a solution of the prob- 
lems offered by this difficult fracture is credited to Lorenz 
Bbhler and his associates, Vidal, Schncck and Ehalt, whose 
work boc.ame the basis of our present therapy. The principles 
as outlined by Bohler arc generally well accepted and ful- 
fill the basic requirements of fracture treatment in general, 
ns attested by llcy Groves and Watson Jones, However, the 
application of these principles in the management of frac- 
tures of the os calcis is often difficult and impracticable, 
especially on board ship and in the field hospital where ac- 
cess to special reduction frames and fracture equipment is 
not available. 

In the Bijhler method, after proper reduction of the frac- 
turc<l 03 calcis, ll»o position is maintained cither by contin- 
uous traction or by transfixation In plaster with Stclnmann 
pins through the os calcis and tibia. In cither case. It re- 
quires the proper application of the nonpaddod plaster cast 
137 
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which even m experienced hands is a difficult procedure, 
and fraught with danger and serious complications ^hen 
performed by the casual operator Treatment by continuous 
traction offers obvious objections on board ship, while in 
field hospitals it is often impracticable Treatment b> trans- 
fixation m plaster is objectionable not only because of the 
difficulty in its application, but because (1) plaster is not a 
rigid immobilizing agent, especially where slight pm seep- 
age is present, (2) plaster transfixation does not allow for 
secondary adjustments which to be made require the re- 
mo\al of the cast and replacement on the reduction frame 
This not only unnecessarily prolongs the primary operation, 
when the initial reduction was unsatisfactory, but adds to 
the morbidity where secondary adjustments are required 

Kreuz suggested the application of the principle of the 
Stader fixation splint to a new splint to overcome these 
handicaps 

A NEW ArPUOACIl IS THE TREATMENT OF COMPRESSION 
AND COMMINUTED FRACTURES OF THE OS CALCIS 

The exigencies of the service demand that we return cas* 
ualties to duty as quickly as possible The treatment cannot 
be too complex or require cumbersome and intricate equip* 
ment The treatment must be universally adaptable to the 
average traumatic surgeon on board ship or in the field hos* 
pital, as well as in the well organized base hospital Al- 
though we agree with the advocates of delated reduction in 
fractures of the os calcis, which allows us eight days to get 
the patient to a base or shore hospital, there will be times 
when the reduction must be performed on board ship or in 
a field hospital The treatment must conform to the basic 
requirements governing the treatment of fractures in 
general 

We have developed a method of approach to this complex 
problem of os calcis fractures, in cooperation with Stader 
who designed an external reduction fixation splint (Fig 
72, A), which we have used in nine cases at the United 
States Naval Hospital, Philadelphia This apparatus permits 
not onlj reduction of the fracture, but becomes the splint 
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upon completion of the reduction. No reduction frames or 
plaster are required. The fixation is constant and rigid. The 
integrity of the subastragaloid Joint is constantly main- 
tained. The turnbucWes permit controlled tangential trac- 
tion in either valgus or varus. The constantly controlled 
traction allows one to overextend and produce sitffieient 
sjtace into which the laterally displaced fragments may be 
easily compressed, often by hand. 

Secondary adjustments may be made with ea.se and with- 
out sacrificing the position already obtained. Active motion 
of the knee and toes, and activity with crutches promotes 
earlier healing. With constant rigid fixation there is no pain 
or discomfort, and the general well-being of the patient is 
promoted. 

ANATO-lflCAL CONSIDEUATJONS 

The spongy character of the os calcis with its thin outer 
cortex gives it a certain elasticity to with.stand the stresses 
and strains of weight-bearing. Most of this weight is borne 
by the outer arch of the foot, consisting of the os calcis, 
cuboid and outer two metatarsal-s. In running and jumping, 
much of the jar is taken up by the so-called “spring lig- 
ament,'* or inferior calcanea^caphoid ligament, which tra- 
verses the space between the su.stcntaculum tali of the os 
calcis and the inferior surface of the scaphoid, thus rein- 
forcing and protecting this important articulation. 

t-atcral flexibility of the fool is necessary to allow one to 
walk on uneven surfaces and to absorb lateral thrusts on 
the foot, as for accommodation to the roll of a .ship. This 
mobility j.s assured by the subastragaloid joint with its two 
important articulations one posterior l>ctwccn the bodic.s 
of the os calci.s and a.stragalus. and the other anterior be- 
tween the astragalus, navicular and sustentaculum tali. 

The posterior calcaneal articulation i.s large and rounded, 
with its convexity upward; the anterior is small and con- 
cave. Hetwecn these two articulations i.s the strong inter- 
articular ligament which binds the adjacent talus and cal- 
caneus together, and thereby helps to sustain the integrity 
of the subastragaloid joint space. Tlie ability to stond on 
one’.s toes depends upon the activity of the gastrocnemius 
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muscle whose Achilles tendon is inserted into the posterior 
surface of the tuberosity of the os calcis The upper surface 
of the tuberosity runs obliquely downward from the edge 
of the posterior subastragaloid articulation, and lines drawn 
from this point anteriorly to the anterior rim of the ante- 
rior subastragaloid articulation, and posteriorly o\er the 
superior surface of the tuberosity, wiU bisect to form an 
angle of about 40 degrees This is the so-called tuher-jotnt 
angle of the os calcis, so essential in the evaluation of the 
pathology as well as the proper treatment of os calcis 
fractures 


PATHOLOGICAL CONSIDERATIONS 
Depending upon the anatomical integrity or viability of 
the bone itself, the os calcis fracture may vary from simple 
isolated fracture tines without displacement to various de- 
grees of compression and comminution m the most serious 
of which the os calcis may be literally “smashed to pulp “ 

In every fracture of the os calcis the two most important 
considerations are the degree of the disparity of the tuber- 
joint angle and the extent of the involvement of the sub- 
astragaloid joint As a general rule the greater the dispar 
ity of the tuber-joint angle, the more extensive the 
compression and comminution, and therefore the greater 
the encroachment upon the subastragaloid joint space 
The line of longitudinal fracture usually passes through 
the posterior articulation with various degrees of lateral 
displacement of the lateral portion, and there may be one 
or more perpendicular fracture lines running dowm through 
the inferior surface of the os calcis Normally, the weight- 
bearing lines of force pass through the medial side of the 
os calcis, and not through its center, and in walking there is 
a tendency to pronation of the os calcis sometimes aggra- 
vated by the pull of the gastrocnemius, especially in the flat 
foot 

In fractures the inferior and lateral portions of the os 
calcis arc generallj displaced outward and upward This 
lateral bulge can readily be felt under the external malle- 
olus Because of the upward displacement of the tuberosity, 
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the Achilles tendon is shortened and the tuber-jomt angle 
decreased Depending upon the extent of comminution and 
transverse fracture lines, there is a greater or lesser degree 
of shortening of the os calcis produced mainli bj the action 
of the short muscles of the foot The extent of shortening 
and compression can usually be discerned b> palpating the 
mednl surface of the os calcis and measuring the distance 
from the malleoli to the posterior inferior surface of the os 
calcis 

The normal concaviti of the medial surface of the os cal- 
cis will be destro>cd as well as the normal varus position 
of the heel Further encroachment upon this concav its mav 
also be produced by a modiallj displaced sustentaculum tali 
which maj be fractured alone or in conjunction VMth severe 
comminuted fractures of the os calcis Occasionallv the 
calcaneocuboid joint ma> be mvohed, usuallj b\ longitud 
inal fracture linos running into the jomU In «cvere frac 
turcs producing a displacement of the entire posterior ar- 
ticulation, one should look for a concomitant displacement 
of the ostragalonavacular joint the head of the astragalus 
being tipped forward and usuallj rotated 

THE DISUIlLm IN DVD IttAULTS 

The chief complaints of the patient with a badlj united 
fracture of the os calcis arc pain limitation of lateral mo- 
tion, and inabihtj to run, jump or stand on the toes tlTiere 
fracture lines have extended into the subastragaloid joint 
causing hemorrhage and cvenlunllj fibrosis and irregular- 
itj of the articular cartilage, the residual pain and disability 
areusunlK proportionate to the accuracj of the replacement 
of the displaced fragments and the mnintmoHcr of odc7iiafc 
joint space dunntj the proeets of hcohnrj 

The normal subastragaloid joint space is large and well 
defined so as to allow for Its peculiar motion, and the pres- 
ervation of this sjKvco is important not onlj from the stand- 
point of proper functional restoration, but because the main- 
tenance of this space during the reparative process permits 
better healing of the articular cartilage ns well as the sub- 
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chondral bone The strong interosseous ligament will also 
heal more readily in its normal extended position with an 
adequately maintained joint space 

The bodj can usually accommodate itself painlessly to 
mild irregularities in the articular surface of the subas 
tragaloid joint provided there is adequate joint space 
whereas wth restriction of joint space there is usually pain 
regardless of the regularity of the joint Secondary traumatic 
arthritic changes may develop regardless of any and all 
therapeutic procedures and may not appear for months or 
years after injury Abnormal dorsiflexion of the foot and 
weakness and inability to stand on the toes are due to a 
relaxed heel cord as a result of improper reduction of the 
disparity of the tuber joint angle and upward displacement 
of the tuberosity 

Painful medial ligaments and traumatic pes planus m an 
othenvise well treated fracture of the os calcis are due in 
part to the alteration in the normal varus position of the os 
ealcis in which the lines of force of the body are shifted 
more medialward on the os calcis producing a tendency to 
valgus of the hind foot With this abnormal valgus or prona 
tion of the hind foot the insertion of the Achilles tendon is 
shifted laterally in relation to the eight bearing and the 
gastrocnemius tends to act as a pronator of the hind foot, 
thus increasing the flat foot 

Another important factor producing pain after treatment 
for os calcis fractures is the demineralization of the bones 
as a result of prolonged immobilization We believe that 
this factor has not been sulhciently stressed It has occurred 
to us that possibly we ha>e been immobilizing our os calcis 
fractures too long We ha\e therefore been working on the 
principle of minimal length of immobiluation and early 
ueigkt bearing to pre\eiit the extensi\e osteoporosis or de 
mineralization which is general in os calcis fractures 
thereby decreasing the morbidity and painful disability 
from this cause 

or \GNosts 

Proper x ray facilities may not always be available to 
the medical oflicer of the armed sen ices and he maj be 
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allied upon in many instances to treat fractures of the os 
calcis without benefit of adequate x-ray films or their ex- 
pert interpretation. It becomes necessary for him, there- 
fore, to evaluate the case on hand by physical examination 
alone. 

Any painful heel, whether traumatized directly by a fall 
or indirectly by the effects of an underwater explosion on 
board ship, should be regarded as a potential fracture of 
the os calcis. Local swelling and tenderness and pain on 
weight-bearing are constant findings. When there is any 
appreciable widening and comminution, the diagnosis may 
often be made by observation alone. 

It is well, if only one heel is involved, to compare the in- 
jured with the uninjured side. In doing so, the thumb is 
placed along the medial concave surface, and the second, 
third and fourth fingers on the lateral surface, and the fol- 
lowing facts are noted in each; (1) width of the os calcis; 
(2) the contour of the medial concave surface of the os cal- 
els; (3) the smoothness and regularity of the lateral sur- 
face; (4) the extent of bulge of the lateral surface and 
encroachment of the normal space under the external mal- 
leolus; (5) the amount of shortening and compression, by 
noting the distances from the base of the heel in the cupped 
palm, the lip of the internal malleolus with the thumb and 
the tip of the external malleolus with the middle finger; 
(C) the degree of flattening or disparity of the tuber-joint 
angle, by the upward tilt of the tuberosity and flattening of 
the sole; (7) the extent of laxity of the Achilles tendon, by 
the abnormal dorsiflexion of the foot which may be easily 
determined under anesthesia. 

When the proper x-ray facilities and interpretations of 
films arc available, a thorough study of the os calcis should 
include proper plantar-dorsal and lateral exposures, as well 
as view’s of the midtarsal joint. X-ray views of the unin- 
jured extremity should alv%’ays be taken for comp.ari5oij 
when possible, so as to have a concept of the patient’s nor- 
mal foot architecture, except in cases of obvious abnor- 
malities. 
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APPLICATION OF THE SPLINT IN THE TREATJIENT OF C03I- 
PRESSION AND COMMINUTED FRACTURES OF THE OS 
CALCTS 

The reduction may be performed immediately or delayed 
until the primarj’ sv.elUne has disappeared Spinal anesthe- 
sia is the anesthesia of choice, 76 to 100 mg. of novocain 



Fie 72— A, Os calcis redaction-iizatioR spJmt (Stader). b, U- 
shaped heel bar; c, pin bar; d, adjustable connecting bar; e, /, tan- 
gential adjusting screns; D, Flexible shaft hand-operated drill. 


being sufficient in the average case. Both legs are prepared 
so that the tvfdth of the normal os calcis may be ascertained 
during the operation to check the amount of compression 
to be used on the injured member. 
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Insertion of the Pms 

A stainless steel pm, inch in diameter and C inches 
long, is placed m the chuck of the flexible shaft hand drill 
(Fig 72, B) and secured with the set screw (a) It is then 
inserted in the U shaped bar (6, Fig 72 A) and drilled 
transverse]} through the os calcis m its most superior po<i 
tenor portion just at the insertion of the Achilles tendon 
(Fig 7S, A), emerging again through the U shaped bar on 
the opposite side (Fig 73 B) It is essential that this pm 
be in*'crted through the upper posterior tip of the tuberos 
it> so that the traction force to reduce the disparity of the 
tuber joint angle and shortening is properlj applied In 
order to determine this exact location we have used a local 
anesthetic needle to guide the pm insertion Before insert 
mg the second pin through the lower tibia, the operator 
first applies slow, forceful traction on the os calcis by pull 
mg on the U shaped bar This is done mamb to prevent 
skin tension between the os calcis and tibial pins when the 
extension bars are activated This traction should be mam 
tamed during the insertion of the tibial pm The insertion 
of the pins through the lower end of the tibia is grcatlj 
facilitated b> means of the hand-operated flexible shaft 
drill which rotates the pms slowlj and allows a free hand 
for the operator 

The second pin aho inch in diameter and C inches 
long IS now placed in the drill chuck, passed through the 
pm bar (c) and drilled through the lower third of the tibia 
(Fig 73, C), about five fmgerbreadths from the tip of the 
internal malleolus this pin bar being held parallel to the 
shaft of the tibia so that the pin will pass transicr^dy 
through the shaft of the fibia and emerge on the opposite 
side through the corresponding pm bar The third pm Is 
now inserted through the lower channel of the pm bar, pass- 
Ing through the tihia to engage the bar on the opposite side 
The pins are then secured to the bars bv means of the set 
screws (Fig 73, D) 

The foot should be held in dor«jflcxion during the mser 
tlon of the tibhl pms to prevent cqulnus and undue skin 
tension 
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Reduction of the Shortening and Disparity of the Tuber- 
Joint Angle and the Widening of the Fractured Bone 

The tumbuckle lateral bars with their adjusting mech- 
anisms (d) are now connected with the pm bars and tight- 
ened by hand By properly adjusting screws (e) and (/) 
the desired tangent for traction is obtained (Fig 73, E) 

Reduction of the shortening and disparity of the tuber- 
joint angle is now obtained by activating the turnbuckle 
B> means of nrenches, the operator simultaneously turns 
both tumbuckles until the desired amount of extension is 
accomplished (Fig 73, F) If possible a check x ray is now 
obtained, and when the shortening and disparity of the 
essential angle ha\e been reduced, the lutdening is then re- 
duced by means of compression with the os calcis clamp 
The os calcis is compressed until the measured distance is 
reached, which is usually about inches, whereupon the 
clamp IS immediately removed 

If the preliminary reduction of the shortening and dis- 
parity' of the essential angle was accurate, the compressed 
fragments will remain in place because adequate space had 
been prepared for them, and the splint rigidly maintains the 
reduction during and after the compression We ha\e been 
impressed with the lack of force required to compress an 
os calcis fracture in this splint The laterally displaced frag- 
ments may sometimes be replaced by hand, thus presenting 
unnecessary damage to the contiguous soft ti^isues If undue 
force is necessary to reduce the widening, then the short- 
ening and disparity of the essentia! angle has probably not 
been adequately reduced, because, as m all fractures, the 
shortening must be corrected before the lateral displace 
ment can be reduced 

Mter care 

Final x-rays are now taken, and if further adjustments 
arc required, which is unusual, they may be performed with- 
out disrupting the reduction already obtained Alcohol dress 
mgs are placed about the pin sites for the first twenty-four 
hours, after which no dressings are used Restoration of 
function by means of active exercises of the knee and toes 
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1 jjr 73. — A Pjn pjflfrj in U •bnprd bnr nnd tbrn in«f rt«*d throuth 
Upper posterior arpe« of tubewoltj of o» ciltji It I’n erffaclnc U 
•hsped bar on opposite »ido Fin l<KVe<l in I ar by »ri Krfw C, Dn lire 
pins IhroJRh losicr end of tibia throuph lateral pm bars P Pin lar* 
in place pin* locVeil in bar* Pea ly for application of adjuitire tarr 
boekle bars. / Adiustlne »cro»* for desired tareential traction F, 
Aetlratlne tumlocUe* for traetiou 
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IS begun immediately, and the patient is allowed up on 
crutches, as he desires 

Period of Immobilization 

Because we desire to limit the period of immobilization 
to the minimum we ha\e arbitrarily set six weeks for the 
cases of moderate displacement, and eight weeks for those 
of marked displacement This period is followed by three 
weeks of physiotherapy without weight bearing For the 
next three weeks, guarded weight bearing is permitted, the 
patient being discharged from treatment in three to four 
months Although our first nine cases hav e responded to this 
abbreviated period of immobilization, all with freely mov- 
able painless subastragaloid joints, we realize that we may 
be required to prolong the treatment in the severely com 
minuted types 

End Results 

The final appraisal of end results must be withheld for at 
least one year The possibility of the development within 
that time of traumatic arthritis as a result of the com- 
parativelj early full weight-bearing (four months) must be 
considered A careful follow up is being maintained to de- 
termine the necessity for modification of this procedure as 
regards the period of immobilization as well as the institu- 
tion of weight bearing 

REPORTS OF COVIPLCTED CASES 

J P , aged twenty-seven years, sustained a fracture of 
the left 03 calcis by a fall of 16 feet eighteen hours before 
admission on Hlarch 20 1942 X rays showed moderate 
comminution and disparity of the tuber-jomt angle Re- 
duction was performed on March 24, 1942, by means of 
the modified reduction fixation splint The splint was re- 
moved m SIX weeks, followed by physiotherapy for three 
weeks, then gradual weight-bearing Limp and limitation 
of dorsiflexion of the ankle persisted for six weeks Free 
subastragaloid joint motion was present The patient was 
discharged on August 15 1942, to full dut> 
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J G , aged Ihirtj-six %ears, male, suffered a compressed 
fracture of the right os calcts, uith moderate widening 
and a tubcr-joint angle of 5 degrees A splint was ap- 
plied and the fracture wag reduccil on Januan 5, lOlO 
No secondary adjustments were neccssarv The splint 
was remo\ed m six weeks The patient returned to duty 
in se\cntecn weeks with free subastngaloid motion and 
no pain 

P G, a fiftj fi\e-\ear-oId male, was admitted October 
21, 1912 with a modcratch comminuted fracture of the 
right os calcis and a severelj comminuted fracture of the 
lower end of the left tibia and fibula with dislocation of 
the ankle joint, as a result of a fall from a height of 
23 feet Because of his poor condition, reduction was de 
lajcd for eight dajs The first reduction m the splint was 
considered satisfactorj The splint was rcmo\ed in six 
weeks After three weeks of ph>siothcrap% some weight- 
bearing was allowed (IIis comminuted fracture of the 
left tibia was also treated with a Stadcr splint ) The 
patient was discharged on Februnrj 24, 1943 with free 
motion of the subastragaloid joint and minima) pain ile 
has not returned to work after four months of tnalmcnt. 
chiellA due to the residual pain and stiffness of his left 
ankle 

R S, fiftj -tw o-j ear old male, was ndmitteil Januan 
18, ion, with moderatclj comminuted and compre-^ed 
fracture of the right os calcis The sphnt was applied 
and the fracture reduced on Jnnuar\ 21 Socondarj mantp 
ulation and compression was done two da>s later The 
splint was rcmoMKl m sjx weeks The patient was dis 
charged on April 10. 1913. with modcmtelj friv; sulias. 
tragaloid joint motion and minimal pain Slight lateral 
shifting of the tibial pins and slight drainage from the 
os calcis pm took place during the con\ ale«cei ce Thi 
drain igc subsided in <ix dn>« 

J P (see Figs 74-77), a thirt\-fivc-jcar-oId malt 
was admitted Noaemlwr 10, 1912 with bilateral seat re 
comminuted comprc«scd fractures of the os calcis ns n 
result of a f.all from a height of 15 ftv^t Tho fracture 



Fjg '“4 (J P ) —A Q lateral «ev«r«!y compressed fractures <if os 
calcis ^ Ah 8pl nts in place JJ Lateral x ray views l)efore redaction 
C Plantar dorsal vjev.8 before relucUon (Sec also Firs ”o "<■ 77 ) 
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^^a<? rtKluced three da\s after the injurj b\ means of the 
splint One sccondirj adjustment was made after fi\e 
dajs Convalescence was smooth without pain or di“com* 
fort and free motion of the knee was begun immediateh 
after the reduction There was no pin seepage from an\ 
of the twelve pin sites and there was no reaction about 



Fie T5 (Cn«c of J P,, oonfmiwtl).— zt, riantar-<'or*al x raj view 
after rotluction, rifrht / riaBtnr-dori>al vira aftrr rr<Su<rti<Jn le't 
C, O Lntcra! riewa after rufuction bI«o Fitr’‘ ^ 


the idn« The splint v*ns rtmoveil in iw’tks and 

phvMothcnpj begun Guinled weight beanng w is p»r 
mittwi in nine weeks, nnd full weight boirtng in iJevri 
weeks The patient was di*charg«i Kebrunrv IG ion 
ihirleen weiVs after injur.v Tlierc was n residual Jimp 
mild ankle pain on weight iK-iring, nnd an irabdit) 
to walk on his iocs lie eontinuwl to return for ph>^if*- 



Fig 76 (Case of J P eoTittnufd)4 — Final x raf* plantar dorsal and 
lateral (See also Fig^ 74 76 77 ) 

therapy, and examinfttion on April 12 1943, revealed 
moderate limitation of sobastragalold joint motion and 




T"*? ’*7 (Case of J I' (onel ''Sx wcc\< after re’rors\ of t« 

ralcJi fplinta fsoto frt^do-n rf motion of arHea and ktioos, abseice c' 
atrophy of oxiromltio* and alilit) to itar 1 on toe (‘tn- ■’»■> F»ir» 
74 75. 70.) 


S B (pec Fip 78), a man ar«I fifM-ont. tcir* fdJ 
8 feet and landed on bU hcel« PU'^l'tlninj: n mfxJemtc 
comminutet) and compre^rd fracture of the Hjrht cal 


”8 (S B ). — A 1 reoperativc lat<?ral x ray vien L 1 reop 
crative * ray plantar-dorsal view C Postoperative x ray view D 
Postoperative x raj plantar-tlorsal view E F Final x rajs after 
removal of spUnt 
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CIS, and a Pott’s fracture of the left ankle. He was ad- 
mitted on June 4, 1942, the day of accident. Reduction 
was made on June 9 and the splint removed July 21. 
Guarded weight-bearing was begun on August 12. The 
patient was discharged from the hospital on August 15, 
1942, with e.vcellent subastragaloid motion and minimal 
symptoms on crutches. Full weight-bearing %vithout 
crutches began on September 9. He returned to work as 
a Navy Yard employee on October 15, 1912. 

M. M. (see Fig. 79), aged thirty-nine years, fell from 
a one-story roof and land^ on his right heel, sustaining 
a moderate comminuted and compressed fracture of the 
right os calcis. He was admitted on June 8, 1942, a few 
hours after the injury. Reduction was done on June 16 
and the splint removed July 28. Weight-bearing began 
August 20. The patient was discharged from the hospital 
on August 24 on crutches. Free subastragaloid motion 
was present without pain. He returned to work ns a Navy 
Yard employee on December 7, 1912. 

V. S., aged fifty-two years, fell 8 feet and landed on his 
left heel a few hours before admission on August 8, 19 12. 
The x-ray showed a moderate comminuted and com- 
pre.«scd fracture of the left os calcis. Reduction wa.s done 
on August 18 arid the .splint removed on September 29, 
Weight-bearing began October 19. The patient was dis- 
charged from the hospital on crutches on October 20, 
1912. Excellent subastragaloid joint motion present, 
with minimal subjective complaints, lie returned to work 
January 10, 1913, as a Navy Yard workman. 

SUSIMAUY AND CONCl.USlO.NS 

A new method of appro.ach to the problem of the treatment 
of comminuted and compreswl fractun's of the os calcis i« 
presented. The following advantages are noted: 

1. The rcdufti<)M-/Ij'nt«OM apltuf is complete in itself and 
rcfjuire.s no additional equipment except nn ex calcis chimp. 

2. It permits not only reduction of the fracture, but be- 
comes the ttplttti upon completion of the re<luction. 



Fi;r 79 (M M ). — A I reoperatire x rof lateral view B Pre 
operative x ray plantarfdorsal view C Postoperative x ray lateral 
View D Postoperative x raj plantar-dorsal view F F Final x rays 
after removal of sp1 nL 


166 



FEACTURES OF THE OS CALCIS 


157 


3 >»o reducbon frames or planter of pans are required 

4 The tjTie of pm placements and rigidib of the splint 
allows for accurate constant controlled traction in the de 
Rtred tanfjcnt for reduction of the dispantj of the tuber 
joint angle as well as the shortening 

5 The constants controlled traction permits o\erexten 
“ion to produce sufTicient «pace into which the lateralb dis 
placed fragments ma> be easih replaced often bif hand or 
compressed by means of the os calcis chmp 

6 The tumhuckles permit controlled tangential traction 

in either or larvs thus allowing maintenance of the 

normal \arus position of the os calcis during the period of 
luxation as well as i>ermitting exaggeration of either lalgus 
or varus during the reduction 

7 Tho tnteffnii/ of the siibaitragaloid joint *pace ts con 
ftantly maintained throughout the period of healing thereb% 
assuring better joint motion and con«equentlv less pun or 
development of post traumatic joint changes 

8 ^e rigid fixation promotes earlier tmion 

9 Secondary adjustments msi be made at an> time uitA 
01 1 saenfientff the rerfiiction already obtained 

10 Active motion of the knee and toes and ambulatorj 
activ itv on crutches promotes bettor circulation and permits 
tran‘»portation of the pntient without assistance 

11 The constant rigid fixation of the fracture w ithout the 
use of plaster or pressure pads injure', a smooth uneventful 
convalescence leithout jKitn discomfort or eomphcationf 
due to the vie of plaster 

12 The actual appUcction of the ifhnt ts r^rrarLaNi/ 
Simple and whereas a thorough Knowledge of the general 
principles of the treatment of the difficult os calcis fracture 
IS tssential in anv mclhofl of treatment, the sJmplicitj of 
the appi’rcafion of this methoiJ of approarfr nwAes tt more 
generally useful to the average traumatic «argcon with 
out unnece^&an danger to the patient* 

13 This new method of approach to the problems offered 
bj fractures of the os calcts fs based on sound anatoiricaJ 
and phj siological principles and accurate^ satisfies th** 
fundamental requirer'cnLs of fractur*. treatment- 
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CO’MPOUND FRACTURES 

OIJTUNE OP PRORLEM 



Woundsj (penetrating jlacerateit, 
cnishing:). Blast Injuries. Intricranial 
Injuries 


Direct \ iol»nce Indirect Violence Gunshot 


InfpcI^I Noninfcctwl 

Bone infection \\\ound infection 


rnvolrpTTient m Tendons. PloM ^eg«e1s. NeWos 


Lnccratcil tfridons Ganfc'rche ^^ncoRiplcte severance 

Tcnosynovilis Ga« bacillus Infection Complete severance 
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OUTLINE OF THE TREATMENT OF COMPOUND 
FP.ACTURES 

A Pnrnar> Considerations — ^Treatment of Shock 

1 Immediate control of major hemorrhage 

2 Immediate application of warmth to the bod\ 

3 Immediate rigid immobilization of the fracture 

4 Immediate injection of plasma 

5 Immediate control of pain b\ adequate doses of 

morphine 

B Secondarj Considerations 

1 Treatment of associated injuries 

2 TrOiatraent of the wound — importance of local .anes- 

thesia 

a Before six to eight hours 

(1) Meticulous wound excision 

SKin 

Muscles 

Tendons 

Ncr\cs 

Blood vessels 

Bone 

Bullets and shell fragments 

(2) Beductior of the fracture 

(3) Sulfonamides m the wound (effic.ac\ de- 

batable) 

(1) Closure of the wound 
b After eight to ten hours— wound potentinlh in 
fected 

(1) Wound cleansing and es'-ential debridc 

ment 

Skin 

^fusclir* 

Tendons 
Xer\cs 
Blood \e««els 
Bone 

Bullets and shell fnigmonts 

(2) Reduction of fracture 

(3) Sulfonamides in wound 
<4) Op<.n wound treatment 
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C After-care 

1 General 

a Adequate supportive treatment 
b Sulfonamides orally or intravenously 
c Antitetamc antitoxin tetanus toxoid 
d Gas bacillus antitoxin 

2 Treatment of the fractured extremi^ 
a Compression bandage to leg 

b Elevation of the leg 
c When to begin activity 

d Prophj lactic use of x ray therapy gas infec 
tion wound infection 
e Care of wound 

THE IMPORTANCE OP EXTERNAL SKELETAL FIXATION IN 
THE TREATMENT OF COMPOUND FRACTURES 

The pain and muscle spasm incident to all compound frac 
tures IS probably the most important single factor m shock 
Unless the fracture is rigidly immobilized large amounts 
of morphine may be required to relieie the pain With abso- 
lute rigid fixation pain and muscle spasm quickly disappear 
Following this rigid fixation the remaining shock is more 
amenable to treatment by plasma and other medications 
Because the splint may be routinely applied under local 
anesthesia the operation does not materially add to the 
shock especiallj vhen 0 5 per cent procaine is used In the 
case of fractures of the tibia relatively small amounts of 
the novocain solution need be used sometimes as liUle as 
30 cc A splint set should be sterilized and kept available for 
emergencies It is as important as having plasma on hand 
Unless associated injuries contraindicate it the wound 
treatment is begun immediately after the application of the 
splint and while the plasma is ^ing given Debridement and 
wound care ma> however be delayed should the patients 
condAion ’warrant it or wtiere many casualties must be 
treated m a relatiiclj short time Preliminary fixation with 
the splint permits accurate meticulous dlbridcmcnt under 
the most ideal conditions for surgical treatment of the 
wound — that of rigid control of the fragments throughout 
the operation (Fig 80) Betraction of the tissues is limited 





IjK 80. — C K., o twcnlj 'i»«* jiear-ol 1 rnalf had n ojnipojnl in'- 
ture of t^e tjbia at tie Junction of the imddte and Irwer tfird The 
Stadcr splint was appliwl one «!«> after the aeei ’ent eJebt Vanne 
was permitted from the first postoperaUfe da> 

A The splint applied P \ ra> film with splint ir place C I be’o- 
iraph taken after fourteen weeks immobtllzatien sho-aneg lack of 
muscle ntrophy and pin leepajrr 

in 
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to a minimum and proper exposure of the entire wound 
facilitated Additional trauma to the tissues is thus avoided 
Because control of the fragments vith the splint is secured 
outside of the wound, the use of bone-holding forceps or 
bone retractors is eliminated The operation need not be 



Fig Sl^Compound traeture of Jeft tibia and ankle Joint, associ 
atcd with fracture of right 04 cakis and skull injury Jrnmedinte !m 
mobilization with splints allowed freedom of activity and proper care 
of intracranial injury 

hurried under these conditions The amount of plasma usu- 
ally necessarj m the control of shock is greatly diminished 
WTien associated injuries arc present, treatment of the 
fracture b\ external skeletal fixation allows the patient to 
move about the bed at wiB (Fig 81) Skull injuries seldom 
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require special restraining devices or medications. Spinal 
punctures may be performed without difficulty and with 
minimal danger to the patient. Genito-urinarj* operations 
may be performed unhindered by plaster of pans or trac- 
tion encumbrances. Necessar 3 ' examinations and other sur- 
gical procedures do not have to be delayed or omitted be- 
cause of the fracture. Bums can be treated by any desired 
method. In fact, the patient may be treated as if he had no 
fracture if other important injuries are present, unless of 
course there are existing complications of the fracture it- 
self. The entire problem of the individual fracture case is 
greatlj' .simplified because: (1) there is no plaster-of-paris 
cast ; (2) there are no traction devices or weights and pulleys ; 
(3) the patient is not necessarily confined to his bed and 
may be moved about at will or transferred to any desired 
place for other examinations and treatment; (4) as soon as 
the fracture is immobilized in the splint, the fracture prob- 
lem itself may be temporarily put aside in favor of any 
other existing disability or injury. 

In fourteen cases of compound fractures of tlic tibia 
treated with the splint, there were no infections, in spite of 
the fact that six of these were treated after ten hours, and 
three were treated after twenty hours (Fig. 82). It is be- 
lieved that rigid fixation was the most important factor in 
the production of these results. It is certain that the normal 
physiology of bone and soft tissue relationship was better 
established by this means. Proper absorption and drainage of 
the wound site is influenced by bone stability and active 
motion of the adjacent joints. The soft tissues may be sup- 
ported if nccefisary. \\*hether or not infection takes place in 
a compound fracture after all must depend upon many other 
factors, e.g., the type and number of infecting organisms 
and the vital ro.sistnnce of the patient, both locally and 
generally. 

Constant movement of the fracture site protlucea added 
injurj* to the adjacent tissues and therefore interferes with 
the resistance against potential infection. Motion of the 
fracture site also prcKlucc.s edema and swelling which dilutes 
the norm.sl protective juices of the tissues as well as inter- 
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feres with the proper drainage and thus produces a stagna 
tion of fluids m which bacteria may readily multiply We 
are impressed with the fact that the swelling and edema of 
compound fractures is minimized and subsides early under 
the influence of the rigid fixation and early joint motion 
permitted bj this method 



Fig 82. — Compound fracture of left tibia treated after twenty 
hour* M ound healed without infectian Patient ambulatory in four 
toen days. Note lack of snelUng of ankle and foot. 

OUTLINE OF Tlir DETAILS OF TREATMENT OF COMPOUND 
FRACTURES 

1 Immediate Application of the Splint under Local Ancs 
(hesia 

This is performed as an adjunct to the treatment of 
shock and is often completed before the plasma injection 
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has been completed The extremity is prepared as for any 
operation, and a sterile gauze dressing is placed over the 
iround At least 2 pints of plasma are giien routinely m all 
cases of major compound fractures The pins are inserted 
and the connecting bar assembly is apphwl The extremity 
IS lined up but no attempt is made to reduce the fracture at 
this time if the patient’s condition does not permit it 

2 Treatment of Associated Injuries, If Pre^^ent 

The treatment of shock is continued as other injuries are 
taken care of 

3 Reduction of the Fracture 

In most cases, the fracture is reduced immediately after 
the application of the splint It is performed while the posi- 
tion of the fragments is under direct observation permit- 
ting anatomic reposition 

4 Wound Excision or Debridement 

a TnEATMEVT BEFORE EfGIIT HOURS 

The entire wound including skin subcutaneous tissues 
and all dcMtalized muscles is meticulously excised The 
w ound is most often extended so as to obtain a mdc exposure 
especially in compound fractures due to indirect \ioIence 
nhere the skin wound may be present at a distance from 
the actual fracture Thorough ln\age of the wound with 
copious amounts of normal snlme or distilled water is car 
ned out during the operation to mechanically clean the 
Wound of debris 3fuscle that docs not bleed when cut is not 
\inble and should be rcmo\etI All dcMtalized and contami 
nated tissues are rcmo\cd 

TendoiU! — ScNcrcil tendons arc not sutured The proximal 
end IS Secured to the oicrJying tissue with a single cotton 
or silk suture to preyent its retraction A yvire loop may bo 
u«cd to secure the proximal end, the yyiro being pas«c<l out 
through the skin abo\e the wound Frayed and contami 
mted cikIs are debrided in the «amc manner as are nil other 
tissues 

iVrrif?— Important neryes arc alyvays sutured yyilh fine 
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Silk or cotton Immediate repair of the nerve is advisable 
Satisfactorj results in such attempts have been obtained in 
spite of a low grade xvound infection Even if failure re- 
sults, primary suturing will prevent retraction of the nerve 
end and facilitate secondary operation 
Blood Vessels — Clamping should be sufficient to stop 
bleeding from smaller vessels without appljing ligatures If 
the blood supply of the extremity is completely destroyed 
amputation should be performed 
Muscles — Muscles should not be sutured The devitalized 
muscle fibers engulfed within the sutures act as a culture 
media for bacteria, especially the gas forming variety Dam- 
aged and dev italized muscle predisposes to gas infection 
Buned Sutures — Bohler’s warning "suture the skin and 
only the skin" should be heeded Nothing will do more harm 
to an otherwise good debridement than the useless burning 
of catgut or other foreign bodies Even joint ligaments and 
capsules do not require suturing Buned sutures predispose 
to infection 

Bone —Fragments devoid of periosteal attachment are re 
moved, if contaminated, unless they are very large The 
extensive or unnecessary removal of bone fragments results 
in delajed and nonunion However, when in doubt, it is bet- 
ter to remove the fragment than to subject the patient to 
the danger of osteomjelitis 

Bullets and Shell Fraaments, and Other Foreign Bodies 
— Bullets, shell fragments, and other foreign bodies are al- 
ways removed if accessible, but no extensive search is made 
for them If an inaccessible shell fragment is present, the 
wound should be left open and lightly packed with vaseline 
strips 

Implantation of Sulfonamides tn the Wound — Implanta- 
tion of 4 gm of sterile powdered sulfanilamide evenly dis 
trihuted in the wound maj he done if desirable 

iroKnd Closure — In most cases treated within eight 
hours of the injury, the wound may be closed primarily 
Tension incisions are routinely made especially on the tibia 
in order to close the wound The skin over the wound must 
never be under tension because the edges may slough and 
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infection result The skin over the Mound protects the 
underl>ing tissues from becoming sccondarilj infected In 
mtlttary surgery hoiceier most compound fractures should 
not be closed 

Application of Pressure Bandage — The general belief is 
that support of soft tissue by a firm bandage or cast i« 
es'sential m compound fractures In the small group of cases 
that came under our observation no soft tissue support was 
applied Soft tissue snelhng usually subsided in i fen davs 
The controlling factor is the rigid uninterrupted skeletal 
fixation 

h Treatment after Eight to Ten Hours 

The treatment of compound fractures received late de- 
mands considerable experience and judgment as to when or 
when not to operate The genera! condition of the patient 
should be the primarj consideration A rising pulse rate 
pam in and about the wounds marked tenderness a sen«T 
tion of tension increasing edema thin foul sanpruineous 
discharge (anaerobe) and a spreading mottled bronring 
discoloration of the skin m a patient who is pale and 
apathetic and who does not respond to treatment are mclica 
tions of deep and spreading infection 

With fixation nell established free drainage should be 
instituted foreign bodies should bo rcinoved and obviouslj 
devitalized tissue particularlj muscle must be excised with 
out damage to the lining wall of the wound This is not 
nound excision or debridement which should never be at 
tempted nftcr twelve to twentj hours 'Measures to control 
hemorrhage are instituted sulfonamide is implanted and 
the wound is packed Iightlj with va«clino strips avoiding 
the U'le of drainage tubes In ea«c5 of suspected gas gan 
grene \ ra> therapj alone mav be sufficient and surgery 
mav not be Indicated Careful earlj treatment will avoid a 
high rate of amputation Polyvalent •^era should Ik* u*od In 
nil suspected cases In addition to the local implantation of 
sulfonamide its oral or parenteral administration is of im 
portanco to maintain a blood leva;! of fi to 8 mg per 100 cc 
until danger of infection has completeh sul sideil 
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5. After-care 

a General Supportive Care 

The postoperative care of compound fractures is ver> im- 
portant and IS dependent upon the general condition of the 
patient and the extent of the injury Necessary precautions 
against delayed shock must be taken (see chapter on 
Shock) Whenever possible, blood transfusions should be 
given in cases of hemorrhage Patients treated in the splint 
are usually reasonably comfortable and require little mor- 
phine If morphine is required after 48 hours, one should 
suspect the dev elopment of complications, such as infection, 
phlebitis, or improper application of the splint with failure 
to obtain rigid immobilisation 

b Prophylaxis against Tetanus and Gas Infection 

It cannot be too often repeated that the best prophylaxis 
against tetanus and gas infection is proper meticulous treat- 
ment of the wound, especially the removal of all foreign 
bodies and the excision of all devitalized muscle 

All military personnel are protected against tetanus by 
the injection of toxoid In these cases, it is only necessary 
to administer a “booster” injection of 1 cc of the toxoid 
In patients who have not been immunized with toxoid, 
tetanus antitoxin is given 

Treatment bj external skeletal fixation permits direct in- 
spection of the wound and the entire extremity to detect 
the earliest signs of gas infection Inordinate pain is a 
constant finding in the deep phlegmonous type, whereas 
crepitation is an early finding in the superficial type The 
advisability of routine administration of poljwalent gas 
bacillus serum in compound fractures is questioned It often 
produces considerable local and systemic reactions, and 
therefore should be given only in selected cases IVhere 
proper x-ray facilities are at hand, x ray therapy is recom- 
mended as a prophj laxis against gas infection The desired 
quality of irradiation is that generated at 200 kv and 
filtered with 0 5 mm of copper and 1 mm of aluminum 
This should be administered twice daily for two or three 
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days giving 100 r at each treatment. The portals of irradia- 
tion should extend well beyond the obvious wound. A regi- 
men such as this permits the continuation of irradiation 
therapy should a gas bacillus infection develop. 

c. Chemotherapy in the Treatment or Compound 
Fractures 

The routine administration of sulfonamides either by 
mouth or by vein to maintain a blood level of D to 8 mg. per 
100 cc., in all patients with compound fractures, is advisable. 

Sulfanilamide is the drug of choice for local implantation. 
Four to 5 gm. arc implanted in the wound and well dis- 
tributed oi’cr the wound surface. Sulfanilamide implanta- 
tion should be followed with oral administration of sodium 
sulfadiazine or sulfanilamide. The former is preferable be- 
cause it is less toxic. 

Two grams of sodium sulfadiazine should be taken at 
once orally. Following this, 1 gm. is given eveo’ six hours 
to maintain a proper blood level (C to 8 mg. per 100 cc.). 
Treatment is continued for seven days at the end of which 
time, If the wound is clean and there is absence of fever, 
therapy is discontinued. 
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5. After-care 

a General Supportive Care 

The postoperative care of compound fractures is ver> im- 
portant and IS dependent upon the general condition of the 
patient and the extent of the injury Necessary precautions 
against delayed shock must be taken (see chapter on 
Shock) Whenever possible, blood transfusions should be 
given in cases of hemorrhage Patients treated in the splint 
are usually reasonably comfortable and require little mor- 
phine If morphine is required after 48 hours, one should 
suspect the development of complications, such as infection, 
phlebitis, or improper application of the splint with failure 
to obtain rigid immobilization 

b Prophylaxis against Tetanus and Gas Infection 

It cannot be too often repeated that the best proph) laxis 
against tetanus and gas infection is proper meticulous treat- 
ment of the wound, especially the removal of all foreign 
bodies and the excision of all devitalized muscle 

All military personnel are protected against tetanus by 
the injection of toxoid In these cases, it is only necessary 
to administer a “booster” injection of 1 cc of the toxoid 
In patients who have not been immunized with toxoid, 
tetanus antitoxin is given 

Treatment b> external skeletal fixation permits direct in- 
spection of the wound and the entire extremity to detect 
the earliest signs of gas infection Inordinate pam is a 
constant finding in the deep phlegmonous type, whereas 
crepitation is an earlj finding m the superficial type The 
advisabilitj of routine administration of polyvalent gas 
bacillus serum in compound fractures is questioned It often 
produces considerable local and sjstemic reactions, and 
therefore should he given onlj in selected cases WTiere 
proper x-raj facilities are at hand, x-ray therapj is recom- 
mended as a prophj laxis against gas infection The desired 
qualitj of irradiation is that generated at 200 kv and 
filtered with 0 5 mm of copper and 1 mm of aluminum 
This should be administered twice dail> for two or three 
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5 After care 

a Genfiial Suppobti\’e Care 

The postoperative care of compound fractures is very im- 
portant and 13 dependent upon the general condition of the 
patient and the extent of the injury Necessary precautions 
against delayed shock must be taken (see chapter on 
Shock) Whenever possible, blood transfusions should be 
given in cases of hemorrhage Patients treated in the splint 
are usuallj reasonably comfortable and require little mor- 
phine If morphine is required after 48 hours, one should 
suspect the development of complications, such as infection, 
phlebitis, or improper application of the splint with failure 
to obtain rigid immobilization 

b Prophylaxis against Tetanus and Gas Infection 

It cannot be too often repeated that the best prophylaxis 
against tetanus and gas infection is proper meticulous treat- 
ment of the wound, cspeciallj the removal of all foreign 
bodies and the excision of all devitalized muscle 

All military personnel are protected against tetanus by 
the injection of toxoid In these cases, it is only necessary 
to administer a “booster" injection of 1 cc of the toxoid 
In patients who have not been immumzed with toxoid, 
tetanus antitoxin is given 

Treatment bj external skeletal fixation permits direct in- 
spection of the wound and the entire extremity to detect 
the earliest signs of pas infection Inordinate pain is a 
constant finding in the deep phlegmonous type, whereas 
crepitation is an early finding in the superficial type The 
advisabilitj of routine administration of poliwalcnt gas 
bacillus serum in compound fractures Is questioned It often 
produces considerable local and sjstemic reactions, and 
therefore should be given only in selected cases Where 
proper x-ray facilities are at hand, x-ray therapy is recom- 
mended as a prophjlaxis against gas infection The desired 
quality of irradiation is that generated at 200 kv and 
filtered with 0 5 mm of copper and 1 mm of aluminum 
This should be administered twice dailj for two or three 
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6 Treatment of the Fractured Extremit} 

All compound fractures should be kept at rest m eleva 
tion for the first forty-eight hours, or longer if necessary 
The position of the part should be the most comfortable for 
the patient, the adjacent joints usually flexed Active motion 
IS allowed and encouraged as soon as the primary reaction 
to the trauma has subsided Massage of the part is not 
recommended The wound is not dressed for at least five to 
seven days, unless signs of infection are present In the 
wounds treated by the "open method," the top gauze dress- 
ing maj be removed in ten days or more, but the vaseline 
pack IS not disturbed for at least three to five weeks After 
the first pack has been removed, it may be desirable to leave 
the wound entirely open and allow the wound to granulate 
from all sides Such wounds often heal in a relatively short 
time The daily or frequent spraying of the wound with 
sulfonamides should be discouraged The patient is allowed 
up and out of bed on crutches as soon as his temperature is 
normal and his general condition permits If the soft tissue 
damage has not been extensive and infection has not oc- 
curred, the patient is usually up and about m five to seven 
day s Weight-bearing, however, is usually not recommended 
for two to three w eeks 



CHAPTER XVII 

COMPOU^D rRACTURES WITH OSTEOMYELITIS 

The principles of treatment, as laid dovr-n bj Orr, go\ern 
the modern accepted treatment of compound fractures with 
osteom}elitis Immobilization of the fracture and prolonged 
“mtelhg’ent neglect” of the nound is the basis of this treat- 
ment Bohler stres‘»es the importance of the “uninterrupted 
immobilization” of the Orr management, while others be- 
lie\e that the "bacteriophage” qualities of the wound secre- 
tion pla> the leading role Failure of the Orr treatment 
usually means either failure to obtain proper immobilization 
(not including both the joint nbo\c and below In the cast) or 
the injudicious fenestration of the cast and premature re- 
dressing of the wound 

Disnd>anl8ges of the Orr Method 

In spite of the eiidcnt success of the Orr treitment in the 
majoritj of cases of compound fractures with osteomselitis, 
it can nevertheless be <aid (hat it has several objectionnble 
features 

1 —MTicreas the patient him«olf mav eventually 
become sufTicicntlj immune to the objectionable odor of the 
cast, tho<5e who are forced b\ circumstance to as*'ocinte with 
him are not alwavs fortunate This is particularly true 
on board ship where man> are confined in relutivclj small, 
often closed, spaces 

2 Prolonofd /mmobitizottoM —Prolonged Immobilization 
of the fractured extremity including the joint .above and the 
joint below the fracture lias manj serious objections 

a It produces extensive demineralization of the bones, 
which IS not conducive to the healing of bone The 
blood flow to the exlirinitj is greatly decreased .and 
the normal mcLaliolism of the l>one is impaired The 
calcium conient of the bone is absorbed from the 
matrix The greatest impetus to normal Iwne 
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growth IS function'll activit> of the part, and no 
amount of calcium therap> will stop or decrc'ise the 
progrcssiNc demineralization due to prolonged im 
mobilization The calcium content of the blood in 
these cases is normal but the injured extremitj 
does not got enough of it 

b Prolonged immobilization of the entire extremity not 
onlj retards healing of the bone but also preients 
or delaj s the neccssarj reconstructue surgerj after 
the fracture has healed 

c It iniariablv causes marked stiffness of the joints 
which often especiallj in the aged, persists for 
months after the cast has been remoied This factor 
al<50 delajs or preients the reconstructive surgerj 
which IS necessarj in a large percentage of these 
cases 

3 Compheattons Due to the CoH Itself — Plaster casts 
often cause serious complications cspeciallj in the mlhtar> 
services when patients must be evacuated at sea or trans- 
ported over long distances «oon after the operation \\Tien 
wet, the cast not onh acts as an anchor, but it softens and 
loses Its function as an immobilization agent Some mihUarj 
surgeons advise splitting the cast immediatelj after the 
operation if the patient is to be transported over long dis 
tances to avoid the complications of swelling under the 
cast and to facilitate its quick removal when it become> 
nece'5snri to abandon ship 

Advantages of the External Skeletal l-ixnlioa Splint in 
Trealnienl'’or Compound rraclurcs with OsleomjchtLs 

In no t'pe of fracture is rigid fixation so Important as in 
compound infected fractures The constant maintenance of 


FIjr M (C T ) —Compound fraelurt of midfhaft of tthU of one 
month s duration I lating unsacroasful A, lmmrdiatrl> after appHca 
lion of Stnder reduction •jlint R Preoperalire x ray film C Post 
oporntive x rnj flm P After four months immol ilizatlan In the 
splint. Sole lack of auclhnfr Blroph> ar I pin eeepa^ fJuarded to full 
welchl Warine was alloweil t' \ ray film four months after injury 
showinj: liony union and Jack of lone react on about the pJnr f* Final 
X rays alx months after It jury 
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absolute rigid fixation of the bone is the basis of the sue 
cess in treatment Support and rest of the soft parts is 
necessary only until the reactive inflammation has subsided 
External skeletal fixation is advantageous in the manage 
ment of these cases for the following reasons 

1 It provides absolute rigid fixation of the fracture with 
out fixing the adjacent joints Normal physiology of the 
fractured limb is thereby not interfered with throughout 
the healing process Adequate blood flow to the extremity is 
maintained and the normal metabolic processes of the bone 
assured The hone loses little if any of its mineral content 
Progressive demineralization of the bones is minimal or 
entirely absent (Fig 83) 

2 Active motion prevents stiffness of the adjacent joints 
and the disability incident thereto 

3 If reconstructive surgery is indicated at a later date, 
the surgeon will have good mineralized bone and healthy 
soft structures to work with He will not need to delay sur- 
gerj for preparation by physiotherap> 

4 The objections of plaster are eliminated Immersion in 
sea water is not harmful but is actually beneficial, as was 
proved in the evacuation of the wounded at Dunkirk Many 
believed that wounds that were in sea water for any length 
of time were actually benefited os the incidence of infection 
was less 

5 The vv ound is packed lightly vv ith strips of sterile vase 
line gauze and left undisturbed unless important indications 
justify interference 

6 The fixation of the fracture with the splint gives suf- 
ficient rigidity to permit the patient, in case of an emer- 
genej , such as abandoning ship to become ambulatory with 
little or no assistance The hazards of transportation are 
minimized 

The illustrated case (Fig 83) is an example of the dis 
tinct advantages stated above 
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OLD UXUNITCD rRACTURES 

Most cases of ununited fractures are complicated b\ sti/F- 
ness of joints, muscle atrophy, and demineralization of the 
bones The disability is often disproportionate to the se\cr- 
lt^ of the fracture and is mamlj due to prolonged and exten- 
sive immobilization in plaster (Fig 36) From the func- 
tional standpoint, therefore, the treatment of nonunion is 
very difficult Operation must often be delayed for weeks or 
months to improve the condition of the soft tissues as well 
as joint function Such delavs produce economic hardship 
on the patient in civil life and in the military servnees pro 
vents an early restoration to duty 

Controlled external dxation, in most instance*^, permits 
immediate operation for the treatment of old ununited frac 
ture«, provided the mineral content of the bone is sufficient 
to allow firm anchorage of the pins ^^^lerc demineralization 
of the bone is excessive, it is advisable to avoid the bone 
extremities for the pm insertions and select the firmer can- 
cellous bone of the shaft for a firmer anchorage Whore firm 
pm anchorage can not be obtained, treatment by c’cternal 
fixation is inadvisable 

Various operative procedures have been recommended in 
the treatment of old ununiteil fractures Most of these are 
concerned with the introduction of a bone graft after fresh- 
ening the fracture site Internal fixation by' plates alone or 
an ostcoponostca’i graft under n plate IMc’Brifio') tiave’bctn 
recommended The question as to the importance of con- 
trolled impaction of the bone ends ns a factor in producing 
goo<l results is debatable Evaluation of results obtained 
by external fixation must await further critical study ami 
nnalvsis of cases It appears distinctly advantageous to be 
able to keep the mil freshemx! Ixine ends firmly apposed 
175 
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throughout the healing process while at the •same time al 
lowing actiMty of the joints 

Nonunion of fractures is often due to infection The drain 
age may h'i\e subsided and the wound maj ha\e healed but 
usuallv the case becomes one of chronic recurring ostoo- 
mjclitis complicated bj nonunion It has ah^a>s been taken 
for granted that bone grafting or similar operations for 
nonunion was contraindicated in the presence of a chronic 
osteomjelitic process Recent ‘successful use of an osteo 
periosteal graft under a plate (McBride) in these cases sug 
gested the importance of rigid immobilization as a factor 
m the success of the operation CJontroUcd skeletal fixation 
was used to obtain this rigid fixation and also to firmlj im 
pact the graft into the bone ends Full thickness bone grafts 
whose ends were cut m the shape of a V and beveled so as 
not to slip out of place during impaction were inserted 
dircctlv into the infected fracture area after excision of the 
bone ends No intomal fixation of the graft was used and 
the graft was kept firmlj in place b> impaction alone (Fig 
84) The operative incision was made directlj through the 
infected area and the wound left open Two cn^es so treated 
have healed in spite of the fact that in one case about 4 
inches of the graft was exposed in the wound and there v\as 
considerable drainage for several weeks after the operation 
(Fig 85) The‘«c cases are presented for their interest value 
as well ns to emphasize the importance of rigid fixation in 
the healing of infected bones This fixation with active use 
of the oxtrcmitj and v\ithout the implantation of anj 


tic 8-1 — 11 G a fortj flTejrax-old mile had an old compound 
fracture of the upper third of the left tlhla of two years duration 
He was treated at first b> bone plate which sequestrated with Jo«s o' 
2 inches of tibia Pecently he suffered a fracture o' the fbuia with 
an acute flare-up of ostooin>elitl8 and cop ou* dra nape Tie Stader 
splint was appl ed Vlay 8 IM* anl a 5-lnch full thickness tibia! 
craft was inserted without an> internal fixat on A remarkable eon 
snlesctnce ensued w^ith free motion of the fejr without pain or fei rile 
reaction and with subsidence of drainace and weight Leanne in three 
week* Firm union resulted in fee months Wound healed 

A Stader reduction splint applied i I reoperati** a ray film. C 
Postoj^rative x ray eiew /> anl f F na! x rays anteropos erior 
anl latero! fire month* after operation sbowing fm union o' craft. 
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Ti? 8S. — Old ununited fracture of left Obsa with osteomyelitis and 
loss of bone, of five years* duration Three previous operations Large 
bone graft inserted through infected area Four inches of graft re 
mained exposed Marked drainage for three weeks Graft kept firmly 
embedded by repeated impaction by means of the turnbuckle Note 
lack of swelling and good condition of soft tissues Active exercises of 
knee and ankle throughout healing process 

foreign material, is feasible and gives promise of being a 
satisfactory method The constant controlled impaction of 
the graft seemed to have been a valuable factor m the suc- 
cess of these cases (For further consideration of the treat- 
ment of old ununited fractures, see chapter on Bone Grafts ) 
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OLD FRACTURES \MTH MALXTNION 

The incidence of jnalunion of fractures increases in time 
of war because of the tjpe of fractures and difTiculU to 
apply and sustain traction when treating a large number of 
casualties Oblique and comminuted fractures usuall> re- 
quire sustained traction to prevent overriding and deform 
itj It IS of interest, however, to note that occasional!} in 
the more aeverclj comminuted gunshot fractures treated b} 
simple plaster cast immobilization verj little overriding re 
suited This IS probablj due to the concomitant mu«cle 
injur} 

Klalunion is usuall} not associated with the extensive de 
calcification atroph} and stiffness of joints which char 
actenzes nonunion Instead there arc all t>pcs of impair 
ment of function because of the disturbances in bone 
alignment overriding sj^ostosis and changes in muscle 
pull and Joint mechanics Secondarj nerve involvement fs 
not uncommon 

\aluc of the External Skeletal 1 ixation Splint in Corrective 
Osteotomies and Tragmcnt Realignment 

Corrective osteotomies and fragment realignment with or 
vv ithout bone lengthening is the most common operativ e pro- 
cetlure in the treatment of old fractures with malunion The 
mechanical features of controlled external skeletal fixation 
lend themselves to the successful management of this tvp». 
cvC fwc f'aJ.’/av.vwT; 

1 Because of the ab‘«cnce of cxUnnivc demineralization 

the pins can usuallv be well seated to permit good 
control of the fragments 

2 B\ means of the adjusting screws the ostcolomizcd 

fragments mn} beaccuratelj controllevl under direct 
vision regardless of thu nimormil muscle pull Kie- 
l's 





Fig 8S (N 31 ) — 3l4luiiitetl fracture of shaft of right femur of 
seventeen jears duration mth marked varus deformity and shorten 
mg of inches The St«der reduction splint was applied and a long 
oblique osteotomy of the midsbaft of the femur was performed 
Partial correction of the varus deformity was obtained at the t me of 
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chanical adjustment bj means of scre^\3 is positi%e 
and forceful and should be performed sloulj 
3 Bj actuating the tumbuckic the bone ends ma> be 
graduallj distracted Distraction ma\ be performed 
o\er a period of \\eeks, if advisable, to obtain proper 
bone length This gradual controlled extension per- 
mits bone lengthening with minimal damage to the 
coft parts, especially blood vessels and nerves (Fig 
86 ). 

Application of (he Splint in Special Malunited Fractures 
The external skeletal fucation splint is of special value in 
corrective osteotomies for the treatment of malunited frac- 
tures of the forearm because the deformities are “O com 
plev and impurment of function so great (Fig 87) Firm 
fucntion of the ostcotomized bones, with free joint motion 
during the healing period, favors earlier return of function 
In some cases it ma> bo desirable to supplement the cor- 
rective osteotomj with some t>pe of bone graft It is noccs- 
sarj in all cn«c5 of corrective osteotomies of the forearm to 
use a regular radius splint, and if both bones are involved, 
to u«c a splint on each bone The splints arc applied as dc 
scribed in the chapter on fractures of the forearm If only 
the radius Ins been osteotomiied (Fig 88), especiallv m its 
middle third, it is advmblo to support the forearm with a 
plaster splint for a few weeks The plaster splint ma> be 
removed dailj to permit guarded motion of all joints ^\’here 
Iwth bones have been ostcotomized and a splint applied to 
both of them, the patient usuallj has about 25 to 50 per cent 
range of pronation and supination which does not lend to 
place an abnormal strain on the radius and therefore does 
not require a protective plaster sphnt. 

Corrective osteotomies of the (oner hn should usunllj in 
elude an o«teotomj of the fibula 


the operation- Rj wecklj ftdjas'imnts for further rarui conrcUoa ard 
femoral lengthening vrere perfonoed at the tediide In the firjt 

!*» inehes of lengthening wa» obtained final correction 2 
inches of leg length cllained 

A Stader reduction iplnt applied. It, Preoperatire x ny flm C 
\ ray taVen two weeks pos'opcmtlTely 





Fi{r. 87 (W. M.)>— 31aluniteil fracture of upper third of right ulna 
anil anterior dislocation of head of radius in a forty-six-year'cld wale. 
A Stadcr splint was applied, the head of the radius was removed, the 
ulna osteotoniiied at the fracture site, and the fracture reduced under 
direct vision by means of the apynt. Final result; firm union and good 
function. 

A, Stader reduction splint applied. C, Preoperative x-ray film. C, 
Postoperative x-ray view. 
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Fir. S9. — A, Ontcoloray of mdim for chronic radit»-vlnar dl»loc*tlon. 
Note deformity and IcrRth of radius, it, and C, Prroprrft»i>c x-rayi. 
/), and E, Postoperative x<raTC> 
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Osteotomj of the oh caleis, to correct a flattened tuberosiU 
and relaxed heel cord, ina\ be performed ^Mth the aid 
of the os calcis splint The os calcis is osteotomizetl through 
a lateral approach beginning just posterior to the posterior 
articulation and directing the osteotomj forward at an 
angle of about 15 degrees By means of the turnbuckle-' the 
tuberosity is brought down and the heel cord moderatelj 
stretched Cancellous bone chips from the upper tibia ma> 
be used to fill in the opening wedge of the osteotom\ 

Osteotomj of the femur maj be performed in the shaft 
or m the subtrochanteric region In the latter case the right 
angled pin bar is u«ed for the trochanter (Fig** 5f 35) as 
described under subtrochanteric fractures A supportive 
plaster cast is not required because the fixation is sufiicicnth 
rigid with the splint alone (Fig 8D) 

The regular femoral unit should be used for o‘*tcotomics 
of the shaft of the femur, and care should be exercised m 
the proper insertion of the pins, cspeciallv when femoral 
lengthening is desired The strains and stresses placed on 
the splint arc at their maximum m femoral lengthening 
operations (Fig 8G) 

In malunitcd fractures mth ncric iiivoh emnit it mav be 
advisable to expose the nerve first to determine the nece®- 
sarj' amount of neurosurgerj required Malunion, as well 
as other fracture complications sustained in war zones, are 
often associated with peripheral nerve injurj This adds 
considerably to the difiicultj in reconstructive surgerj 
Whether the malunion should be corrected lieforo the sec- 
ondarj* nerve repair, or performed sinjultaneou®]y. Is a 
problem to be considered in each individual case In cases 
where there is considerable loss of nerve tissue in an im- 
portant none, and the usual methods fail, one maj consider 
the meihod o*/ bone ^herteninff eonirsfied br eriern'i) <!ke}e~ 
tal fixation 


Fiu fr'* — ,4, Hifrh 9Ul troc^nntFrlr of fmnr fo* 

thronlc arthnlin of the hip Joint («< disjrrsiTntrstlc dr*vrir? Fip CS> 
r I*ri*orcrntiTc X rnr, showinjr matkod ©'tcoarthritjc ch*nro* FJoxioa 
ilffomiity and limiiation of nbduetioa C. I o^ti'p^rativo x raj \otp 
upper pis» geouroly fiiod tn Iho iroohartor 
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CHAPTER XX 
ARTHRODESIS OP JOINTS 

The success of an arthrodesis often depends upon me 
chanical factors After adequate joint resection it is neces 
sary to hold the hone ends firmly apposed in proper position 
until union has been established Failure of or delay in 
fusion of the joint maj be due to insufUcient or inconstant 
apposition of the bone ends Maintenance of proper position 
after the ^^ou^d has been closed and during the application 
of the cast is often difTicuU Controlled external skeletal fixa 
tion is indicated m those cases m nhich the aid of the me 
chanical advantages of the splint are desired It is applicable 
to the arthrodesis of most joints 

The adianiages of controlled external skeletal fixation 
may be enumerated as follo^vs 

1 \ isual control of the impaction of the resected bone 

ends during the operation by activating the turn 

buckle bar 

2 Rigid immobilisation during the closure of the nound 

as iiell as after the operation 

3 Added plaster cast immobilization is usuallj not neces 

sarj but may be used if indicated 

4 Freedom of motion of adjacent joints 

5 Promotes better healing and earlier arthrodesis 

Arthrodesis of the Knee Joint 

The regular femoral unit is necessary for arthrodesis of 
the knee joint because the added strength of the splint is 
required to oiercome the leverage of the leg on the thigh 
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F)^ DO (M. E-) — TrflJxfixstion oS knrr joint >n nrthntis by moan* 
of the Stadcr roduction aplmt. Tho paliont, a fortj-ciehl-joar>oii1 
malo, was socn with a scvpir infectious arthritis of the knoe joint of 
eleven years’ duration. The splint was appHeil and permitted to re- 
mam for seven weeks. Firm arthrodnus re'ultcil in el^ht weeks. Swell- 
injr of the ankle dmappeared with aciue motion of the cstremilj' in 
the splint. 

A, The knee upon removal of the splint. /7, Preoperative x ray 
film. C, X-my view two months later. 
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The splint is applied to the lateral aspect of the thigh and 
leg, the upper pm unit being inserted into the lateral sur- 
face of the middle third of the femur and the lower pm into 
thelateralsurfaceof the middle third of the tibia (Fig 90) 
A protective posterior plaster splint support is recom 
mended because of the stresses and strains over the joint 



Fi? 91. — Diagram of the Stader reduction splint for transhxntion of 
the hip joint 

Arthrodesis of the Hip Joint 

Arthrodesis of the hip is the most difficult of all arthro- 
deses The plaster-of pans cast is extremelj uncomfortable 
to the patient, increases the nursing care, and docs not 
afford absolute immobilization of the hip Satisfactorj rigid 
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fixation of the hip joint can be achieved bv external skeletal 
fixation For this purpo‘»e, the joint is bridged from the iliac 
crest to the femur (Fig 91) One half-pin unit is applied to 
the ilium in such a way that the first pm enters the bone in 
the region of the anterior superior iliac spine and is drilled 
through the ilium in a postenor direction beginning near 
the medial surface of the ilium and emerging from it 
through its lateral surface after passing through about IS 
inches of the wing The second pm after passing through 
the channel of the pm bar engages the crest of the ilium in 
Its thick portion and is aho drilled in a posterior direction 
through the wing of the ilium beginning near its medial 
surface and emerging laterally after passing through about 
an inch of the bone The converging pins of the half-pin 
unit if properlj inserted, will firmlj grip the ilium and per 
mit mechanical bridging of the hip joint without the aid of 
a plaster cast The second pm unit is applied to the antero- 
lateral surface of the mid third of the femur, the pins pa^s 
ing through the quadriceps When the connecting bar 
assemblj has been attached rigid fixation of the hip is 
attained 

This t> po of external skeletal transfixation of the hip mav 
be maintained for an indefinite period of time WTicn the 
pins through the ilium have been properlv inserted, thev 
will not become loose The patient maj be moved about in 
bed, facilitating the nursing care Activit> of the knee and 
ankle is permitted With rigid fixation obtamcfi there is 
little postoperative pain or di‘'Comfort (Fig 92) 
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Fip 32. — Arthrodesis of hip joint follo^nng nsid imnsobiliiation 
for ten tv-ecks in splint Patient had a pathological dislocation of the 
hip due to ft stnphjlococcic arthritis. Treatment in a plaster cast for 
three months resulted In the fommien of extensive pressure sores 
which necessitated removal of the cast. IIip redi*leeat^ twentrfour 
hours after removal of cast and patient’s condition became desperate 
Because of the extensive pressure sores nnd the inadvisabilitp of re 
easting, the htp tvos mechamcall> tran<rixed from the ilium to the 
femur Patient’s general condition improved immedlatelj The immo* 
bilitation of the hip was so firm that patient had no further pain He 
could be moved alMut the bed to permit treatment of the pressure 
sores, and transporte<] to the physiothcrapj for ultraviolet Irradiation 
Firm ankjlosis of the hip resulted in ten weeks at which time all 
pressure sores were healed Patient was up and walking about twelve 
w ecks after application of the splint 

A, Stader reduction •plmt applied D, Preoporatl>e x raj film C 
Postoperathe x raj view 
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CHAPTER XXI 
BONE GRAFTS 

A thorough discussion of the subject of bone grafting is 
not within the scope of this text The method einplo>ed in 
our practice was one that permitted the adaptation of the 
mechanical features of the splint to the problem at hand 
The many problems confronting us in the past had to do 
mainly with the following 

1 Technical difficulties of the operation itself 

2 Difficultj in securelj fixing the graft unless some form 

of internal fixation was used 

3 Difficulty in maintaining rigiditi of graft during con 

\alescence 

4 Difficulty TMth functional restoration, especially m old 

cases with marked impairment of function of ad 

jacent joints 

Application of (he External Fixation Splint in Bone Grafting 

Controlled external skeletal fixation acts as a reduction 
frame thus greatlj simplifying the technical phase of the 
operation The graft maj be securelj held m place without 
added internal fixation of the graft bj means of controlled 
impaction at the time of the operation as well as during the 
con%ale®cence (Fig 93) With rigid fixation a'5sured, active 
motion of the extremity is permitted for early functional 
restoration 

Long wide full thickness bone grafts have been used, the 
ends of which are cut to form a long “V” (Fig 94) The 
"V ' is beveled as is the site of implantation so that the 
J02 
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F^c. J?3 (P. II.). — Nonunion of fracture of upper third of tibia in 
& man of fifty*threc joara; three unsueceraful operaliong vrilh io<« of 
4 Inches of l>onc. Bone fn’ofl from opposite tibia in«ert«Hl after appli- 
cation of Stader splint. Bunnir the operation it is-as possible to lift up 
the entire lejj by (rraspinsr the 7-ineh full thickness irraft with a for- 
eeps, \rithout any internal fixation of the jrrafl Itself. The splint aras 
removed after three months, at which time clinical and *-ray evidence 
of lieeinninR bony union wav present. The lev: then tupporle*! in a 

plaster splint. Firm Iwny union resulted in six months, although fur. 
ther protection was advised. 

A, Stader reduction splint applied. D, Preoperativc x-ray film. C. 
Postoperative x-ray film. D, Jt^nt x-ray. J>jr supporteiJ in plaster 
splint. fT, Final x-rays six months after craftinR. 
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graft tmU not slip when impaction is applied The graft 
bridges the bone defect and extends at least 1 % to 2 inches 
into each fragment The graft and graft bed are cut with 
the Albee circular saw 

The splint is applied first assuring firm control of the 
bone ends during the operation Wide exposure of the bone 
IS unnecessarj because the splint acts as a reduction frame 





Pic 9 ^ — A SonuMon of abaft of rabus of nmrttrn }t-ara dura 
lion. Bon* craft from tibia ina*rte«l aftrr appltraUim of lb* «rl ot- 
Grafl Impaetod and no intrmal fixation of the craft vpbs ia*4. Frt« 
motion of Tfriit, fincom ami rlbow thnrachout pr^od of hfal nr Firm 
l<ony onion in foyrtrrn wrok*. / Prwn^rafir* r ray* C IWtop^ratirr 
■ rayi with ■plint appllo*! P kiral x ray* alowine frm lony orlon. 
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The graft is then taken, usually from the anteromedial 
surface of the tibia, making certain that it is about 1 cm 



Fig 96 (A H )^Nt>niinioii of fracture of lower end of left tibia 
with losa of bone substance in a sixty two yeac>old male, five years' 
duration He had had two previous operations, one a sliding ^aft and 
the other a bone plating operation, and both were followed by osteo* 
myelitis and extrusion of the graft. The Stadcr reduction splint was 
applied and a full thickness tibia) graft was Inserted with no internal 
fixation 

A, The splint applied B, Freoperative x ray film C, Postoperative 
X ray film D, X ray, four months after operation Union progressing 
but not solid 


longer than the graft bed to allow for impaction A full 
thickness graft is used, and the medullary surface carefully 
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presen ed The fragments are then distracted b\ actuating 
the turnbucUc so as to permit the graft to slip into phce, 
after %\hich the fragments are appeased so as to firmlj im 
pact the graft in the bed If the ends of the graft ha\o been 
properK shaped, thoj will ht8nugl> and will not slip out of 
place when the graft is impacted No addition'll internal 
fixation of the eraft is used 

Like bone is used in all cases, cancellous bone to come m 
contact with cancellous and cortical with cortical ('ee Fig 
41) 

A protectuo plaster splint has not been found nccessarv 
in an\ of the cases that came under our ob5er\ation 

In spite of the fact that the abo\e procedure required 
firm impaction of the ends of the graft to secure them in 
place, as well as the fact that grafts ns long as 8 inches were 
used, firm bonj union occurred (Fig 91) 

Ad^antages of Controlled External Fixation m Bone (iraft* 
mg 

The impressions gained from the application of controlled 
external skeletal fixation in bone grafting with the abo\o 
method were 

1 Impaction of the graft IS not harmful On the contrary 

it is helie\etl that firm impaction is the main factor 
m the success of the method 

2 Grafts can be properh and successfully secured b> ex 

tern'll skeletal fixation without additionnl internal 
fixation of the graft 

3 The rigid fixation of the cxtremit> with frcclj mo\ablc 

adjacent joints is a factor in promoting growth of 
the graft 

1 This method abides h\ the so-called three “in\iobble’ 
n'}e<f !or graft.wg 
a The tissues must be applied hkc to like 
b The contact must be most intimate 
c Thes must be immobilized in that position (Al- 
bee). 
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CHAPTER XXII 

INCIDENCE OF FRACTURES IN THE SERVICE 

About 70 per cent of battle casualties are wounds of the 
extremities and a high percentage of these cases are com- 
pound fractures In the first World War, it was estimated 
that SO per cent of the wounded suflered from compound 
fractures Needless to say, all fractures in the service are 
not caused by combat 

CAUSES OF FKACTURES IK THE NAVY AND MARINE CORPS 
Fractures in the Nav>' and Marine Corps may be caused 
by combat, training, athletics and injuries sustained while 
men are on liberty. 

1 , Combat 

a. Bullets from machine gun, rifle, or revolver 
b Fragments and sharpnel from shells (artillery and 
trench mortars), torpedoes (aerial and marine), 
bombs, and grenades, mines (marine and ter- 
restrial) and trench clubs (knobherries) 
c Falls from explosions and direct injury by falling 
debris 

2 Training (Naval and Military Hazards) 

Nautical, aeronautical, submarine and machinerj* 
hazards 

3 Athletics and Recreative Sports 
4. Leave and Liberty 

a. Vehicles 

b. Automobiles 

c. Motorcycles, etc. 


1S3 
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Fnctures sustained ^hile men are on lea\e and libertN 
and those that occur as a result of injuries in athletics and 
recrcatue sports are in no difTerent from those in 
curred in civilian life Fractures sustained m combat are 
usuallj more extensive compound and frequentlv com 
minuted 

There is more widespread tissue necrosis in war wounds 
and more extensive comminution of fractures than in civil 
lan life All wounds should be considered infected and the 
wound tract is usuallj lined by devitalized and necrotic tis 
sue The breach in skin is frequently less marked than in 
deeper structures where disruption may lie considerable 
Reactionary edema is often present as a result of injury to 
soft tissues and outpourinff of lyamph into spaces This may 
be delayed for one or two days and if it takes place under 
the fascia it may jeopardize circulation 
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CHAPTER XXII 

INCIDENCE or FRACTURES IN THE SERVICE 

About 70 per cent of battle casualties are wounds of the 
extremities and a high percentage of these cases arc com 
pound fractures In the first World War, it was estimated 
that 30 per cent of the wounded suffered from compound 
fractures Needless to say, all fractures m the service are 
not caused by combat 

CtUSES OF FHACTURES IN THE N AND MARIXB CORPS 
Fractures in the Na\> and Marine Corps may be caused 
by combat, training athletics and injuries sustained while 
men are on libertj 

1 Combat 

a Hullets from machine gun rifle, or revolver 
b Fragments and sharpnel from shells (artillery and 
trench mortars), torpedoes (aerial and marine) 
bombs, and grenades, mines (marine and ter 
restnal) and trench clubs (knoblternes) 
c Falls from explosions and direct injury by falling 
debris 

2 Training (Naval and Military Hazards) 

Nautical, aeronautical, submarine and machinerj 
hazards 

3 Athletics and Recreative Sports 

4 Leav e and liberty 

a Vehicles 
b Automobiles 
c Motorcjcles, etc 
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Fractures sustained ^vhile men are on leave and hbertv 
and tho'se that occur as a result of injuries m athletic^ and 
recreative sports are in no ■vva> different from tho e in 
curred in civilian life Fractures sustained in combat are 
usually more extensive compound and frequentiv com 
minuted 

There is more widespread tissue necrosis in war wound 
and more extensive comminution of fractures than in civil 
lan life All wounds should be considered infected and the 
wound tract is usually lined by devitalized and necrotic tis 
sue The breach in skin is frequentlv le«3 marked than in 
deeper structures where disruption may be con idenible 
Reactionary edema is often present as a re<*ult of injury to 
soft tissues and outpouring of lyrniph into space«* This m ty 
be delayed for one or two days and if it takes place und«r 
the fascia it may jeopardize circulation 
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ANESTHESIA; X-RAY STUDY 

CHAPTER XXIII 

AAESTHESU IN THE TREATMENT OF FRACTURES 
Lieutenant Commander Donald E Hale, SIC-V (S) , U S N R 

The anesthetic methods and agents best suited to the 
treatment of fracture m war casualties are local infiltra. 
tion, nerve block, spinal, intravenous, and open drop ether 
Other inhalation anesthetics may be used, but these wiH not 
be discussed here because the special equipment needed for 
their administration is not available aboard ship or in the 
Held of battle 

The choice of the anesthetic is determined by the location 
and condition of the operative site, the physical and mental 
condition of the patient, the anesthetic agents and equip 
ment available and the skill of the anesthetist Thus, inftl 
tration inlravenoos and ether anesthesia may be suitable 
for anj fracture reduction, whereas the various nerve 
blocks and spinal anesthesia are applicable to certain re- 
gions onlj A patient in good physical and mental condition 
IS a satisfactory subject for any of the methods, but a 
patient in or near shock, or one who is anemic (especially 
from recent hemorrhage) is not a candidate for intravenous 
or spinal but should preferably be given local infiltration 
anesthesia An unstable apprehensive patient may better 
be given intravenous or ether anesthesia, or one of the other 
agents with special care to insure adequate preanesthetic 
sedation The limitations imposed by the nature of the avail- 
able equipment and the skill of the administrator are obvi- 
ous Various substitutions for the equipment mentioned in 
this chapter may be made according to the apparatus avail- 
able 
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PREVNESTHETIC PREPARATION 

Sedition 

Ideal preanesthetic sedation illous the patient to be 
brought to the anesthetist conscious (or easilv aroused) and 
cooperati\e but free from apprehension ind indeed indif 
ferent to the impending procedure The dosages of the drugs 
employed for this purpose Mty chiefl\ ^vlth the ^\elght 
ner\ous status phjsical condition and age of the patient 
Thus a patient light m weight free from apprehension in 
poor phjsical condition and bejond middle age requires 
smaller doses of prcanesthclic drugs thin an o\en%cjght 
nervous robust patient in his twenties 

Pcntobirbital “hould be gi\cn bj mouth in doses of to 
3 grains tw o hours before the operation One hilf hour before 
the anesthesia is begun ^ gram of morphine sulfate (K to 
^ grim as minimum and matimum doses) should be gi\cn 
bj hipodermic injection Atropine sulfate grim 

should bo gnen with the morphine sulfate if mtnvenous or 
ether anesthesia is to be emplojcd 

In emergencies in which there is not sufilciont time for the 
phn suggested abo%c prcmesthetic medication mi> be 
gnen sitisfactonlj b\ vein The morphine is given with or 
without atropine in sterile distilled water, sJowlj the injec 
tion being completed in not less thin fi\c minutes The 
pentobirbitil maj lie given b> the same route if nviilable 
or pentothal sodium maj be "ubstituted for It as indicateil 
under Intravenous AncsthesK * 
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CARE OF THE PATIENT DURING OPERATION 
During the course of anesthesia the blood pressure, pulse 
rate and respiratory rate should be recorded at intervals of 
five minutes This practice is recommended ^Mth all the 
types of anesthesia described in this chapter, but is of espe 
cjal importance with the use of spinal pentothal and ether 
anesthesia Such a record gives early evidence of ciianges 
in the condition of the patient and allows appropriate treat- 
ment when needed 

LOCAL INFILTRATION ANESTHESIA 
Local infiltration is the miectton of an appropriate local 
anesthetic solution into the tissues which sustain the trauma 
of operation 

Spectal Indications — Local infiltration is the safest anes 
thesia for the treatment of fractures It is especially valuable 
for the patient m poor condition from any cause such as 
dehydration, exhaustion, starvation, shock, hemorrhage or 
associated injury 

Contraindications — The only specific contraindication to 
local infiltration anesthesia is a proved sensitivity of the 
patient to the drugs available 
A soiled or lacerated skin in the area to be injected is 
as much of a contraindication to the injection of anesthetic 
solution as it is to the insertion of transfixation pins The 
injection vs to be made through clean intact skm wheneser 
possible In the presence of burns or contamination, the 
skin must be adequately cleaned and debnded before inser- 
tion of either local infiltration needle or transfixation pin 

Agents and Equipment (see Fig 97) 

Procaine or tnetycaine, 0 5 per cent solution 
Epinephrine, I cc of a 1 2600 solution 

Syringe 10-cc Luerl^k 
Needles 

2 hypodermic, V»-*Deh, 2$-catJcc 
2 local mliltratioD, 2 inch. 22 gauge 
2 local inHItration 3 mch, 22-gaage 
Skin antiseptic solution 
Sterile towels and drapes 
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The anesthetic solution may be prepared by adding 1 gm. 
of the crystals (procaine or metycaine) to 200 cc. of boil- 
ing fresh physiological saline solution, and allowing to cool. 
Another method is to add the contents of a 5-cc. ampule 
of 20 per cent procaine or metycaine to 193 cc. of sterile 
physiological saline solution. One cubic centimeter of 1 :2GOO 
epinephrine, or six drops of the 1:1000 solution may be 
added to prolong the duration of the anesthesia if desired, 
but none should be used in the presence of hypertension or 
hyperthyroidism. 

Technique (sec Fig. 98) 

The patient should be placed on the operating table and 
the operative site prepared and draped for the surgical 
procedure. If the skin is soiled or greasy it should be 
scrubbed with soap and water before the application of the 
skin antiseptic. If the fracture site is son.sitive, the first step 
must be the injection of this region. In fresh simple frac- 
tures (within six to eight hours) this is most readily accom- 
plished by injecting the solution into the still iluid hem- 
atoma which bathes the fragment ends. One of the longer 
needles is inserted through the skin (without raising a pre- 
liminary wheal) and advanced until it strike-s the side or 
end of one of the fragments. Aspiration is attempted and. 
if need be, the needle is manipulated by repeated partial 
w^thd^a^^’al8, change of direction and advancement until 
positive e\'i‘dence of its having entered the hematom.i is 
elicited by the fact that bloody fluid can be d^l^\•n into the 
fiSTinge. When this is achicvc<I, from 10 to 30 cc. of the 
anesthetic solution is injected. If the hematoma is no longer 
fluid, an annular zone of infiltration must be laid dowm 
about the fragment ends. To accomplish this one of the 
longer needles (depending on the size of the extremity) is 
inserted through each of two points at opposite ends of the 
horizontal (i.c„ lateral instead of anteroposterior) df.im- 
cter of the extremity, at the level of the fracture. The solu- 
tion is deposited in a zone which surrounds the fracture 
site completely, the needle being several times redirected 
and contacting the twne at the end of c.ich stroke except 
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anterior and posterior to the bone where the needle is tan 
gential to this structure Thirty to 60 cc of the solution 
is used for this procedure, and the injection is carried out 
while the needle is in motion as well as while it is in con 
tact with the bone 

If the fracture is compound the anesthetization of the 
fracture site must be accomplished by injecting the solu 



Fjg 97 — Local /n^droOon Tray a fc Slwile towels c sUnle 
drape d 2S0-ec. beaker containinsr 195 ec of phrsiological ealine sola 
tEon e 10-cc Luer Lok syringe / ampule file g 5 cc of 20 per cent 
metycame / 6 cc of 20 per cent novocain (procaine) i 1 cc of 
1 2COO epinephrine (C minims of a 1 1000 solution) / local infiltra 
tion needles 2 inch 22 ganse k local infiltration needles 21i-iTicli 
22 gauge I hypodermic needles l*-inch ”6 gauge 

tion at a level at least 1^4 inches above the most provimal 
extent of the wound 

An intradermal wheal is raised by injecting the pro 
zwWA tV.TWi^lPk Wa VtypodwTf.vt at tVie wVt of 

the proposed insertion of the first pm of the external fixa 
tion apparatus This wheal should be made about 1 cm 
m diameter, and produces immediate shin anesthesia One 
of the longer needles is then attached to the syringe and 
10 to 20 cc of the solution is used to inject the tissues be 
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t«een the skin and the bone along the path vhich the pm 
is to take. Special care must be taken to inject thoroughly 
the periosteum, as this structure, except for the ‘^kin, is the 
most sensitive tissue to be encountered. 



After the injection, the first pm is in^ertrd. The 
injection for the second pin can then be made accurately, 
ns the second hole in the pin block indicates the point at 
v\hich the skin is to be perforated, and the direction of the 
p.nth\\ay to the bone. 

The injection for the third and fourth pins is carried out 
in the s.'imc nvinner ns that for the first two pips. 
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If desired, the injection for all four pins may be made 
before any are inserted, but wider zones of injection are 
then needed, as the sites cannot be judged as accurately as 
by the other method 

If the operative procedure proves to take longer than an- 
ticipated, additional injections may be made during the 
pr 9 cedure zn order to extend the period of anesthesia 
Supplementation 

Restlessness and nervousness of the patient may be al- 
layed by the injection of additional doses of morphine sul- 
fate hypodermically or intravenously or by small mtra- 
\ enous injections of pentothal sodium 

^ER\E BLOCK 

Brachial plexus block and nerve block at the elbow are 
the two procedures available for anesthesia of the upper 
extremity 

Special Indications — Nerve block, when successful, gives 
a more complete anesthesia than does local infiltration Next 
to infiltration it is the safest method for the poor risk pa- 
tient The brachial block ts satisfactory for treatment of 
fractures of the humerus, ulna or radius, but the elbow 
block can be used only for forearm fractures 

Contraindications — Nerve blocks cannot be used m pa 
tients sensitive to the drugs at hand, nor can they be used 
vvhen the skin or other structures at the site of injection 
are damaged, badly soiled, or burned 

Agents and Equipment (see Fig 99) 

Procaine or metfcaine, 0 5 per cent and 2 per cent solutions 
Beakers, 150 and 250-cc. capacity 
Syringe, lO-cc. Luer Lofc 
Jseedles 

2 local infiltration, ll^-incli 22 gauge 
4 local (iiSUration S<4-inch 22 gauge 
Twelve- or 18 Inch length of sTnali-cali^r robber tubing fitted 
with glass needle adapter at one end and metal syringe 
adapter at the other (for brachial block) 

Skin antiseptic eolation 
Stenle towels and drapes 
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The anesthetic solution is prepared by adding 1 gm. of 
the crystals (procaine or mctycaine) to 50 cc. of fresh boil- 
ing physiological saline solution, or by adding 5 cc. of 
20 per cent procaine or metycaine to 45 cc. of sterile phys- 
iological saline. The 2 per cent solution is placed in the 
150-cc. beaker and the physiological saline solution in the 
250-cc. beaker. The 0.5 per cent solution is prepared in the 
syringe by aspirating 2.5 cc. of 2 per cent solution and 
7.5 cc. of physiological saline solution. 

Technique of Brachial Plexus Block (see Fig. 100) 

The patient is placed on his back. The shoulder on the 
side of the fracture is drawn domjward and the head is 
turned away from this side. An area about 12 inche.s in 
diameter with its center at the midpoint of the clavicle is 
prepared with a skin antiseptic, and the area Is draped. 
An intradermal wheal is raisM 1 cm. above the midpoint of 
the clavicle. Palpation downward, backward and inward at 
this point discloses the resistance afforded by the first rib, 
which meets the clavicle at a few degrees less than a right 
angle. If the palpating finger is passed along the long axhs 
of the rib with considerable pressure, it may be able to feel 
the components of the brachial plexus. Palpation deep be- 
hind the clavicle toward the anterior extremity of the first 
rib may or ma.v not reveal the pulsation of the subclavian 
arterj'. 

The 2‘4-irch ncedle.s arc checked for patency of the lu- 
men by injecting a few drops of fluid through each. One 
of them is fixed to the glass adapter of the small-caliber 
rubber tubing and the siTringe, filled with .solution, to the 
metal adapter in the other. The syringe is laid in the angle 
btia-een the psteent's hftrd stid sheuider, cr cn s 
slerile-toppcd table so that the needle reaches readily to the 
supraclavicular wheal. The needle is thni«t through the 
wheal and is directed dowTiward, bacJ«vard and inward 
toward the superior surface of the first rib. If the sub- 
clavian artery can be felt, the needle should be passes! just 
above and lateral to it. As the needle is advanced slowly, 
the patient is asked to report Immediately any lightning- 
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like sensation in h:s arm forearm or hand As soon as such 
a stimulus has occurred the barrel of the syringe is with 
draMTi slightly and the glass connector (which is attached 
to the needle) is obser\ed for evidence of aspirated blood 
If none appears 10 cc. of the anesthetic solution is injected 
slo\ili v,ith tno or three recheck aspirations during the 
process It is important that the point of the needle be held 



Fig SB-^Drachtal Block and f*tne Dloth Tra^ a Skin ant septic 
flolut on b 2o0*cc beaker containing 100 cc of phyaiotogical saline 
solution c 150-cc beaker containing 45 cc of physiological saline 
solution <f stenle tofrels t sterile drape / 10 cc Luer Lok syringe 
g 5 cc. of 20 per cent metycaine A 5 cc of 20 per cent novocain 
(procaine) i 1 cc of 1 2C0O epinephrine (6 minims of a 1 1000 solo 
ton) j ampule file k local infiitrat on needles lycinch 22 gauge 
/ local inRltratfon needles 2't.inch 22 gauge « hypodermic needles 
)^inch 2C-gauge n rubber tubing vnth needle adapter (glass) and 
syringe adapter (metal) 

stationary during the injection since a dislodgment of as 
httle as T millimeter may result m the placing of the solu 
tion into a fascial space other than the one in which lie 
the trunks of the brachial plexus The rubber tubing which 
allows free mobility of the needle and still permits imme 
diate injection after checking against an intratascular posi 
tion of the needle point facilitates this procedure 
The injection of 10 cc of the solution among the trunks 
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of the plexus may give satisfactory anesthesia in fifteen to 
twenty minutes. If it does not do so, additional injections 
may be made as indicated below. 

If the first needle fails to yield a paresthesia before it 
makes contact with the first n'fa, it is left with its point 



In contact with that strocturc, and the rubber tubing (ujih 
glass adapter) is di«cngnged from »t. Another needl'' Is 
fixcxl to the adapter and is inserted parallel to the first 
needle and 0.5 cm. anterior and medial to It, ! e., closer to 
the Rubcla\ian artery*. If this newllc elicits a paresthesia 
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^^hlle being advanced its progress is immediately arrested 
and an injection is made as described above If it does not, 
it IS advanced until its point reaches the nb -whereupon 
it IS detached from the adapter and left in position A third 
needle is attached to the adapter and advanced parallel to 
the other two and in an axis 0 5 cm posterior and lateral 
(i e farther awaj from the subclavian arter>) to the first 
needle This is essentially the Knight modification of the 
Kulenkampf method (quoted by Lundy) If this needle also 
fails to elicit paresthesia before reaching the nb, it is re 
tractcd about 3 mm from the nb and 3 5 cc of the solution 
13 injected, the needle is retracted another 3 mm and an 
other 3 5 ce injection is made After retraction for another 
3 mm , the remainder of the solution (3 cc ) in the synnge 
IS injected, and the needle is withdrawn Ten cubic centi- 
meters of solution IS injected similarlj through the other 
needles and the region is then vigorously massaged for five 
minutes 

If the anesthesia is inadequate or incomplete at the end 
of twenty minutes following the last injection, the proccd 
ure maj be repeated or it may be supplemented as indicated 
under “Supplementation “ 

When brachial plexus block is used for procedures upon 
the humerus it must be supplemented bj a subcutaneous 
ring of anesthesia (20 to SO cc of 0 6 per cent procaine or 
met} came) encircling the arm immediately distal to the 
axillar} folds 

Technique of Iserve Block at the Elbow (see Fig 101) 

The patient is placed upon his back The region about 
the elbow is prepared with a skm antiseptic, and the upper 
extremity is draped and laid in the position of supination 
upon an arm board The median, radial and ulnar nerves 
are blocked 

The median nerve at the transverse crease m the cubital 
fossa IS adjacent and medial to the brachial artcrj, the 
pulsations of which can be felt 0 5 cm medial to the border 
of the biceps tendon The nerve can be palpated in manv 
cases A wheal is raised in the skin over the nerve, and 
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through it is advanced a 22-gauge needle attached 

to the syringe filled wth a 2 per cent procaine or metycaine 
solution. Having pierced the deep fascia the needle is ad- 
vanced with changes in direction as needed until it makes 



contact with Uie none as indicated by paresthesia radiating 
into the palm of the hand. Five cubic centimeters of the 
solution is injected in the vicinity of the nen’e. 

At the same level (cubital fo«sa crease) the radial nerve 
lies 0.5 cm. anterior to the lower end of the humerus, and 
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0 5 cm medial to its outer border The mtradermal wheal 
IS raised 1 cm lateral to the outer border of the biceps 
tendon, and through it the l^*mch needle is passed at 
right angles to the skin Paresthesias (especially of the 
radial side of the back of hand) are elicited, and 5 cc of 
the 2 per cent solution is injected If the needle strikes the 
humerus it has advanced too far, it it passes beyond the 
humerus it has been directed too far laterally, and must m 
either ease be redirected 

For injection of the ulnar nerve the upper extremity is 
placed so that the forearm is held horizontally a few inches 
above the patient’s chest Resterihzation of the skin and 
redraping are usually needed for this position The nerve 
can be palpated as it enters the hiatus between the medial 
epicondjle of the humerus and the olecranon process of the 
ulna A wheal is raised \ cm proximal to this hiatus, and 
through it is passed a l^4.mch, 22-gauge needle attached 
to the solution filled «iynng€ The needle approaches the 
nerve at a very acute angle, and the injection of 5 cc of 
the 2 per cent solution is made when paresthesias referred 
to the fifth finger and hypothenar eminence have been 
elicited 

Following the blocking of the three nerves at the elbow, 
the upper forearm, immediately distal to the cubital fossa 
crease, is encircled by the subcutaneous injection of 10 to 
20 cc of 0 5 per cent procaine or metjcaine 

Supplementation 

Falling anesthesia during a prolonged procedure may be 
supplemented by local infiltration Hjiiodermic or intra- 
venous injections of morphine sulfate rna> be used to con- 
trol moderate discomfort or restlessness Intravenous pen- 
tothal sodium may be used to good adv antage when needed 

SPINAL AVESTHESIA 

Special Indications — Single injection and especially con- 
tinuous (Lemmon) spinal anesthesia are satisfactoiy for 
the treatment of fractures of the lower extremity including 
the pelvic girdle The relaxation afforded by spinal ancs- 
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thesia is not exceeded by that of any other method. This 
makes it particularly valuable under circumstances which 
demand that spasm of large muscle masses, such as those 
of the thigh and gluteal region, be abolished. The shorter 
procedures may be managed under single injection spinal 
anesthesia, but compound fractures demanding wound d6- 
bridement, or those which may require manipulation under 
the fluoroscope arc best done under continuous spinal anes- 
thesia. The continuous method is the safest form of spinal 
ane.sthesia, .since the tolerance of the patient i.s elicited by 
his reaction to the initial injection of a small dose of pro- 
caine. The procedure can be continued as long ns needed 
without the danger of a large single dose of the drug. 

Contraindicntions . — Arterial hypotension from shock or 
other cause, anemia, cyanosis and dyspnea, because the de- 
pression of cell respiration accompanying them is aggra- 
vated by the fail in blood pressure which customarily 
accompanies spinal ane.sthesia, are the chief contraindica- 
tions to the use of this method. This depression of cell 
respiration leads to serious consequences, particularly in its 
efTect in disturbing the function of the vital centers (in the 
floor of the fourth ventricle) and the heart muscle. A 
marked hypertcn.sion is al^o a contraindication, because a 
fall in blood pressure from a high systolic rending, as for 
e.Yamp}e above 200 mg. of mercurj*, to levels which ordi- 
narily are considered normal, protluce.s, in these individuals, 
a condition readily leading to shock. Unless the .sy.stolic 
blood pressure is between 90 and 200, spinal anesthesia 
should not bo used. 

Anemia of a degree signified by a hemoglobin of 50 per 
cent (7.9 gm, per 100 cc. of blood) or le.ss, csi>ccinlly of re- 
cent neofe origin, is a contraihdi'catibn to (fto u«e of spinaf 
anesthesia. 

Additional contraindications arc any conditions which 
render insertion of the .spina) newllc impos.sibIe or uns.ife 
(such as fracture or di.scasc of the spine, injurj* nr infection 
of the skin of the region, etc.) and .sensitivity of the p.atient 
to the drug. 
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Agents and Equipment for Single Injection Spinal Anes- 
thesia (see Fig- 102). (For Continuous Spinal Anesthe- 
sia, see p. 218) 

Procaine ciyst&ts, 150 xng ampule 
Ephcdrme sulfate, l-cc. ampule (60 mg ) 

Syringes, 2 cc., S-cc. 

Needles 

2 hypodermic, %-inch, 26-gauge 
2 local iTtfiltiatton, l^mch, 22 gauge 
2 mixing, 2'inch, 18 gauge 

2 steel spinal, 3-ineh and 3}^mch, 10- or 20-gauge 
Ampule file 

Skin antiseptic solution 

Sterile perforated spinal tap sheet (3 feet square containing a 
central circular opening C inches in diameter) 



Fig 102 —Sinple /n;eeiion Spinal Trap a. Skin antiseptic solution, 
b, ampule file, c, ephcdrine sulfate, 1 ce. (60 mg ) , d, procaine crys- 
tals, ISO mg ; e, 2-cc. syringe; /, 6-cc. syringe; ff, spina] sheet; A, local 
infiltration needles, ll^inch. 22 gauge; t. steel spinal needles, 3- and 
Scinch, 19- and 20 gauge; j, mixing needles, 2-Snch, IS-gauge; k. 
hypodermic needles, ^{neb, 2G-gaug«. 

Technique of Single Injection Spinal Anesthesia (see Fig. 

103). (For Continuous Spinal Anesthesia, see p. 219) 
1. Position . — The patient is placed on his right or left 
side on the operating table. The knees are drawn as close 
to the chin as possible, and the plane of the back is placed 
at right angles to the plane of the operating table. 
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2 Preparalton of Site of Sptncd Tap — A wide area over 
and about the site of puncture is painted with a skin anti 
septic solution Over this is laid the perforated spinal tap 
sheet 

3 Location of PimeUtre Site — An imaginary line con 
necting the iliac crests crosses the spinal column at the level 
either of the 4th lumbar interspace (the space between the 
4th and 5th lumbar vertebrae) or of the 4th lumbar spinous 
process The space above this (the third lumbar interspace) 
IS thus identified as the site of the spinal tap 

4 AnesthHization of Puncture Site and Injection of 
EpAediiiie — A mixture of 1 cc of 0 5 per cent procaine 
(without adrenalin) and 0 5 cc (25 mg) of ephedrme in 
the 2<c syringe is used to raise a wheal in the skm of the 
midline over the spinal interspace selected The path to be 
taken by the spinal needle is infiltrated with the solution 
to a depth of about 1 inch using the ly inch 22 gauge 
needle The remainder of the solution is injected through 
the same wheal but laterally into the erector spmae group 
of muscles so that the whole amount of ephedrme is given 
If the systolic blood pressure is over 160 mm of mercury 
the ephedrme is given after the mtraspmal injection of 
procaine This precaution is taken in order to avoid raising 
an already elevated arterial tension m the event that spinal 
tap IS prevented by unfoieseen technical difficulties 

5 Spinal Tap — The spinal needle is inserted at right 
angles to the skin surface and is cautiously advanced until 
the dural puncture is felt at a depth varying between 5 and 
8 5 cm If the dural puncture is not felt the stylet of the 
needle should be withdrawn to check for spinal fluid after 
a depth of 5 cm has been reached The stylet is then re 
placed and the needle advanced additional distances of 0 5 
cm between such withdrawals (of the stylet) until spinal 
fluid drips from the needle If a solid obstruction (bone) 
is encountered before spinal fluid appears the needle must 
be partially withdrawn and redirected upward or down 
ward (cephalad or caudad) Observation of the needle in 
place from a distance of 4 to 6 feet may indicate that the 
needle is directed slightly toward one side If adjustments 
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still fail to yield spinal fluid, another interspice maj be 
used and as a last resort the patient maj be placed in a 
sitting posture, i\hich facilitates the procedure If a unilat 
oral paresthesia such as shooting pain m one knte or ankle 
occurs ^hile the needle is being placctl it indicates that tht 
needle point is directed to^\a^d the side of the paresthesia 
and that it should bo directed slights toward the opposite 
side 

G Making the Injection — About 2 cc of spinal fluid is 
allowed to drip into the ampule containing 150 mg of pro- 
caine crjstals \\lien the crystals have been dissolved by 
aspirations into and expulsions from the o-cc syringe with 
the mixing needle attached the solution is aspir ittd into 
the syringe The sl\let of the spinal ncoille is removed the 
syringe is connected and sufllcient spinal fluid is aspirated 
to bring the volume m the syringe to 3 cc Each cubic ctn 
timctcr of this solution contains 50 mg of procaine The 
close IS selected (2 to *1 cc containing 100 to 150 mg ) 
according to the age weight and height of the patient and 
the expected duration of the operation Thus more of the 
drug IS used in a voung subject weighing 200 pounds and 
for a timo-consummg procedure than for an older, smaller 
individual undergoing a shorter operation The solution in 
excess of that containing the selected do«e is ejected from 
the syringe The svringc is then reconnected to the spinal 
needle, addition il fluid is aspirated to give a total volume 
of 3 5 cc and the injection Is made at the rate of 0 5 cc ix-r 
second At the end of the injection 0 1 cc is aspirated to 
make certain that the point of the needle is siiU within th< 
dural sac, and this amount is then rtinjectwl The needle 
still attached to the svriage is withdrawn the puncture site 
is covertxl by a small prtpartxl adhesiie dressing and the 
patient is turned ujion his back 

7 Care diirnio Oprra/ion -—Blood pressure pulse and 
respiration nadmgs an tikcn and wcordtd at five-minute 
intervals A drop in swtoJic Wood pressure of 35 to 20 mm 
of mercury is common and is no cau««. for a! irm Tlie sys 
tolic pressure should not be allowetl to fall more than tO per 
cent liolovv the pro inosthcsm !ev< 1 Iaivv erfnr the In ad of the 
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table 10 degrees and the administration of a mixture of 
10 per cent carbon dioxide and 90 per cent oxygen will 
counteract to some extent a drop in blood pressure Ephed- 
rine in 3- or 4-ininim amounts may be injected intra- 
venously as needed, but a total of 100 mg (including the 
25 mg gnen before the subarachnoid injection) should not 
be exceeded Neosynephrin and epinephrine may be given 
in 1 to 5- minim doses intra\enously m the case of urgent 
need The subcutaneous injection of these drugs in the 
presence of a marked fall tn blood pressure is of less value, 
since the peripheral circulation is too slow to carry them 
into the blood stream A prolonged (fifteen to twenty min- 
utes) unresponsive fall m blood pressure should be treated 
by the infusion of plasma or of whole blood 
8 Postoperative Care — When returned to bed, the pa- 
tient should bo placed m a level position wuth instructions 
not to raise the head for twenty-four hours If the blood 
pressure is belou the previous resting level the foot of the 
bed should be eleiated 8 or 10 inches until it returns to 
normal 

Agents and Equipment for Continuous Spinal Anesthesia 
(see Fig 104) 

Procaine crystals, two 150 mg ampules 
Ephednne sultate, 1-cc ampule (60 mg ) 

Syringes, 2-cc , 10 cc Luer LoL type 

Pubber tubing, 3 foot length nonelastic, small caliber, capacity 
2 cc fitted with Loer Lok stopcock syringe connector at one 
end and with Luer Lok needle connector at the other 
Needles 

2 hypodermic, % inch, 2&-gauge 
2 local infiltration, ll^lncb. 22 gauge 
2 mixing 2 inch, 18 gauge 

1 Sise introducer 

2 German silver malleable continuous spinal needles, 3-tnch 

and S^tneh, IT- or 18 gauge 
Ampule file 

Adhesive tape, strips 2^3 by 6 Inches (4 strips) 

Special mattress, 5 Inches in thickness with portion cut out to 
accommodate the spinal needle tn place Several sheets folded 
and laid transversely across the usual operating table mat- 
tress, so as to elevate the dorsal spine may be used ns a 
substitute 
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Technique of Coni inuous Spinal Anesthesia (see Fig. 105) 

1. Position. — ^The patient is placed on the special mat- 
tress, at first supine in exactly the position he is to occupy 
during the operation, and is then rolled onto his left side 
so that he rests on the edge of the mattress. This allou's a 
return to the proper position with a minimum of movement. 
The knees are approximated to the chin and the plane of 
the back is placed at right angles to the plane of the oper- 
ating table. The placing of a litter having the .same height 
as the spinal mattress beside the operating table to support 
the flexed lower extremities of the patient facilitate.s main- 
taining the ideal position. 

The information regarding location and preparation of 
the site of spinal lap, and the use of the cphcdniie is given 
under the technique of single injection spinal anesthesia. 

2. Spinal Tap,-— The .skin and intraspinous ligament are 
punctured at the interspace .selected b.v means of the Sisc 
introducer or a steel needle of the caliber of the contin* 
UOU.S spinal needle. Through the opening thus provided the 
malleable spinal needle l.s inserted and advanced until its 
point pertorates the dura. During this maneuver, it is im- 
portant that no force be e-xerted except in the long a.xis of 
the needle, as it bends easily. If the first thrust of the 
needle does not yield spinal fluid, it must be partially wlth- 
drauTi and redirected. 

3. The Ancslhctic Solution . — Three hundretl milligrams 
of procaine cryslal.s are dissolved in 10 cc. of spinal fluid 
(by the method described under the single injection tech- 
nique on p.agc 217) or in .•sterile phy.'siological .saline solu- 
tion. Each cubic centimeter of this solution contains 30 mg. 
of procaine. 

•1. Makinp the 7ii/fc/ion.— After the .«:olution has l>cen 
thoroughly mixed in the syringe, the small-calibor, nonclas- 
tic rubber tubing is connected to the syringe. A suflicienl 
quantity of solution to fill the tubing i.s expressed from the 
syringe and the stopcock on the syringe end of the tubing 
Is closed. The spinal sheet is carefully lifted from the pa- 
tient’s back, and the rubber tubing Is connected to the spinal 
nee<lle. After determining that aspiration of fluid is free, the 
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patieTit IS turned onto his back, care bemg exercised to avoid 
tMistmg the spine, and making certain that the needle and 
tubing are accommodated in the defect of the mattress If, 
at this point, aspiration is free, the first injection may be 
made If aspiration is not free, it may in some cases be made 
so by turning the needle on its long axis, or by slightly ad- 
vancing or retracting it, intermittent attempts being made 
to aspirate 



Fjs 104 — ConltTKioii* SjTtTial Trojf a, Sk^n anliseplic BoluUon, b 
ampule file, e, ephednnc sulfate. 1 cc (CO mg ) , d,e, 150 m;' ampules 
of prcwaine crystals /, 2-cc syrinpe, g lO-cc Luer Lok Byringe, k, 
spinal sheet, i, 3 foot rubber tubing, 2-cc. capacity, with stopcock, f. 
local infiltration needles It^inch 22 gauge, K, Sisc introducer, I Cer 
man silver malleable spinal needles, S and SV-inch 17- and 18 gauge, 
ni, mixing needles, 2 inch, 18 gauge, n. hypodermic needles V^-inch, 
SO-gauge 

If these devices for obtaining aspiration fail, the patient 
must be turned on his side and the needle replaced, pref- 
erably in an adjacent interspace The possibility of the 
necessity for replacing the needle exists in every case On 
this account, it is wiser not to make the first injection as 
soon as the tubing is connected to the spinal needle, while 
the patient is still on his side, because the additional changes 
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patient’s head to the sheet co\ering the mattress by means 
of two bj 6 inch strips of adhesive tape, and the con 
necting tubing is secured to the side of the mattress by 
similar means 

The first in 3 ection should be 2 cc (€0 mg ) of solution 
Subsequent injections of 1 cc (30 mg ) maj be made at 
intervals of fifteen to thirty minutes, as needed to heep the 
patient free from discomfort 

5 Care of Patient during and after Operation — In addi 
tion to the prenous suggestions for the care of patients 
recening the single injection spinal anesthetic, the admin 
istration of an intraienous infusion of 5 per cent glucose 
in normal saline should be given to patients with serious 
fractures or those in whom shock may be expected This 
helps to maintain salt and water balance supplies a few 
calories, and affords a contmuousb open %em, if needed 
for the administration of circulatory stimulants (ephed 
rine, epinephnne) , plasma or blood 

Supplementation 

Spina! anesthesia may be supplemented b> the use of 
local infiltration anesthesia Additional injections of mor- 
phine sulfate (hjpodermically or intravenously) may be re- 
quired in long operations 

Intravenous pentothal sodium and rarely ether may be 
used to supplement spinal anesthesia Even when the anal 
gesia 13 obviously adequate the use of morphine sulfate or 
pentothal sodium may be valuable for apprehensive or de- 
moralized patients 

INTRAVENOUS ANESTOESIA 

Special Indications — Intravenous anesthesia is of value 
for patients who are in good physical condition but who are 
unsuited for local inhTtration nerve hlock, or spinal anes- 
thesia by reason of a state of mental agitation It is of 
benefit also as a supplement to the methods mentioned pre- 
viously either to increase the degree of analgesia or in 
smaller amounts simply to extend the effect of the preanes- 
thetic sedation 
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Contrainclicafions — ShocV, anemia cjanosis an> ob 
struction to the respiratory passage^? and chronic disorders 
of the lungs are contraindications to the use of intravenous 
anesthesia Pentothal sodium depresses the re«piratorj cen 
ter and this maj result in hj poxemia in the pre once of the 
conditions mentioned 

Additional contraindications are untow ird reiction to the 
drug (in a previous administration) and the inabillt> to 
find a vein suitable for the injection 

Agents and Equipment (see Fig 106) 

Pentothal sodium 0 5 gm or 1 0 gm nmpulcs 
Stente distilled water 10 or 20-ec ampules 
SjnnRes two 20-cc one 2-ec. 

Needles 

2 intravenous I'^jncb 21 gouge 
One 2 inch 18 gauge 
Ampule file 

Pubber tubing 2 feet In length small caliber with tyrinpc ndap 
ter at one end end needle adapter at other (prefemblj with 
stopcock on syringe connector if to bo u«ed without BjTinfre 
holder) 

Syringe bolder PudJer (optional) 

Rubber pharyngeal airway 
Skin antiseptic 

Arm board 8 inches by 3 feet, padded 

Bandage 3 inch gauze or muslin (or adhesive strip 2 b> 12 
inches) 

Adhesive tape 2 strips ^ inch by 4 Inches 2 stnps Inch by 
14 inches 

Technique (see Fig 107) 

1 Poeifjon of Patient — The patient is placed on his back 
on the operating table It is important to secure the extrem- 
ities of the patient so that no movement is allowed in the 
event that he is aroused b> a stronger stimulus thin the 
stage of anesthesia can control This is best accomplished bj 
passing a snug band above the knees (or over the sound 
limb onlv if one is to be operated upon), and bj fixing the 
upper cxtrcmitj not u«ed for the intravenous injection to 
the side of the patient, or on an arm board if it Is the site 
of the operation 

2 Preparation of 5ohifi07i — Pentothal sodium is used in 
a 2 6 per cent solution This H prepared b> dissolving the 
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contents of the 0 5 gm (7*>i grain) ampule in 20 cc or 
of the 1 0 gm (15 gram) ampule in 40 cc of sterile dis 
tilled water The solution unless crystal clear must be 
discarded The 20-cc syringe is filled with the solution and 
then it is attached to the length of fine caliber rubber tub 
ing which is in turn filled from the syringe 

3 The Veniptinetiire . — The upper extremity selected for 
the venipuncture is laid in the position of supination on 



Fjg 106. — Pentothal Sodium Tray a 3 inch roller bandage b ad 
heswe Vt by 4 inches e adhesive V* by 14 inches d pharyngeal air 
way, « Eudder syringe holder f pentothal sodium 0 5 gm ampules 
p sterile distilled water 10-cc ampules A Z>cc syringe i 20 cc 
syringes ] rubber tubing 24 inch length with stopcock k intra 
venous needles Ji»-mch 21 gauge I mixing needles 2 inch 18 gauge 
in ampule tile 

the arm board It is secured b> a strip of adhesive tape 
2. hv 2.0 whicb. laid aaross. thn. palro. awl is. suwglv 

overlapped beneath the board or by several turns of a 
3 inch gauze or muslin bandage over the wrist (the first 
two turns not to include the arm board) A tourniquet is 
applied above the elbow, but not tightly enough to obliterate 
the pulsstions of the radial arterj An appropriate forearm 
or cubital fossa vein is selected and the skm covering it is 
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cleansed uith an alcohol sponge The intra\enous needle 
fixed to the 2-cc. syringe is then passed through the skm 



and into the %ein. The presence of the tip of the nef<lle 
within the lumen of the Aein is tested by Qfpiratinp h!r>od 
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into the syringe The needle is then advanced so that at 
least a half inch of its length lies -within the vein The 
tourniquet is loosened, the syringe is removed, the adapter 
on the rubber tubing is connected to the needle, and both 
are secured to the forearm by means of two Vi-inch by 
4 inch strips of adhesive tape The syringe is then placed 
in the Rudder syringe holder which is clamped to the head 
of the operating table or to the arm board If the Rudder 
holder is not available, the syringe (with stopcock con 
nector) is fixed to one of the sites suggested above by ad- 
hesive tape The stopcock, except during injection of solu 
tion IS kept closed to prevent blood from flowing into the 
tubing 

4 Induction of Aneithesia — False teeth, if present, are 
to be removed The 2 5 per cent solution of pentothal sodium 
(in distilled water), containing 25 mg per cubic centimeter, 
15 injected at the rate of 1 cc every five seconds until the 
patient stops counting Thereupon, thirty seconds are al 
lowed to cKpse so that the full effect of the drug may be 
noted This amount of the drug provides adequate supple 
mentation of the methods described earlier m the chapter 
provided that the analgesia of the other method (local, in 
filtration, nerve block, or spinal) is adequate and a dimin 
ishing of the apprehension or alertness of the patient is 
all that 18 desired This state may be perpetuated by the 
subsequent injection of 1 or 2 cc quantities when needed 
as indicated by an increasing awareness of the patient 

If surgical anesthesia is desired additional 1- or 2-cc 
quantities are injected at 30 second intervals until the rub 
ber pharyngeal airwaj can be inserted This maj be secured 
by passing over it two strips of adhesive tape (>4 by 14 
inches) which reach backward to below' the ear Under one 
of them, as it passes the opening in the airway, is fixed a 
small wisp of cotton to act as on indicator of respiration 
It is essential that a patent airway and free respiration be 
maintained during anesthesia The surgeon now tests the 
depth of the anesthesia by giving the patient a painful 
stimulus such as a pmch with a towel clip or the prick of 
a needle If the patient responds additional l-or2cc quan- 
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titles of the solution arc injected at 30-sccond intervals until 
the insertion of the first pm can be begun The anesthesia 
IS maintained b\ injecting 1 or 2 cc of the solution as 
needed Movements of the patient or evidence of reaction 
to the pharjngeal stimulation of the airway (swallowing 
gagging) are reliable indications of lightening of the anes 
thesia Except under speaal conditions, the do«o should not 
exceed 2 gm tVhenever possible the use of pentothal 
sodium should be accompanied bj the administration of 3 to 
G liters per minute of oxjgen b> nasal catheter (to oro- 
pharjnx), mask, or other means 
5 Postanc<ithctic Care — ^The patient must have constant 
super; ision, with especial care that the airwaj remain pa 
tent until recoverj from the anesthesia ^^^len the patient 
IS able to answer questions he can usuallj be considered as 
safe from this standpoint 

Supplementation 

Local infiltration of 0 5 per cent procaine into the frac- 
ture silo and into tlie skin and periosteum perforated bj 
the pins allows the use of much smaller (and often there- 
fore safer) quantities of pentothal sodium 

miFR ANF-STHESI V 

Ether is the onlj inhalation anesthetic that will be di? 
cussed in this chapter, for the reason that is is almost uni 
\er«allj available and that it is the safest agent for the 
induction of general anesthesia Its safetj is owing in part 
to the fact that deep anesthesia causes cessation of respira- 
tion before the heart stops beating 
Special /ndicalioiw — When general anesthesia is consld 
ered ncccasarj, as m a patient of high nervous irntabihtj, 
and a contraindication to the u«e of pentothal exists ether 
ma; often be U'cd v\ith success If. howc\or, contraindica- 
tions to the uic of ether exist, local infiltration or block 
nncsthe«m with careful attention to preanesthctic 'txlation 
must be the method of choice Circumstances ma> exist un- 
iltr v\h!ch ether is the only available anesthetic, 
Contrawdie'aiic»nf — Acute infections of the respirator} 
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tract chronic diseases of the lungs such as tuberculosis and 
bronchiectasis and ad\anced disease of the h\er or kidne> 
are contraindications to the use of ether Ether should not 
be used in the presence of open flame and often cannot be 
used in the presence of excessive heat (boiUng point 96° F ) 

Agents and Equipment (see Fig 108) 

Ether unopened ^ pound cans 

"Wire maslf covered with 12 layers of surgical gauze 
Castor or m neral oil sterile for the ejes 
Rubber pharyngeal airway 

Damp towels one to protect the eyes another to wrap about the 
gauze covered mask 


— >• 



Fig 108 Ether Tray a Ether mask b ether pound e towels d 
med cine dropper e m neral or castor oil / pharyngeal a rway 

Technique (see Fig 109) 

The patient is placed on his Mck on the operating table 
and IS secured by a band above the hnees and by fixing his 
arms to one of which the sphygmomanometer cuff is ap- 
plied to the sides Into each eye is placed a drop of sterile 
oil and the> are covered with a damp towel The gauze 
covered mask is placed gently over nose and mouth The 
ether can is prepared to deliver its contents drop by drop 
either by impaling its top with a safety pm or b> cutting 
out the seal and inserting the cork grooved along opposite 
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edges, so as to deliver the ether through a wick or gauze 
or cotton placed in one of the grooves 
The following paragraph apropos the rate of adint7iistra- 
tion of ether is quoted from Goodman and Gilman 

The rate at which the ether is dropped varies with the 
size of the drop and the thickness of the mask, it is 
usually 12 drops during the first minute, 24 during the 
second, 48 during the third and 96 during the fourth 
B> this time the ordinary mask is saturated and the con- 
centration of ether under the mask has approached 10 
volumes per cent Also b> this time, the patient is m 
the second or excitement stage of anesthesia The rate of 
approximately 100 drops per minute is continued for 
about 15 minutes During this interval, the concentration 
of ether under the mask is much higher than is later 
needed to maintain the desired depth of anesthesia The 
reason for this procedure is that the brain attains a 
given saturation with ether m a shorter period of time 
than do the other tissues which then act as a huge buffer 
system withdrawing anesthetic from the brain until all 
the tissues obtain their quota In the ordinary anesthet* 
ization of an adult one must therefore keep the mask 
completely saturated for approximately 10 to 15 minutes 
The rate of administration of ether is then slowly de» 
creased so that the average rate during the second 15 
minutes of anesthesia ts approximately 50 drops per min> 
ute During this time equilibrium is being reached, a 
process probably requiring between 30 and 45 minutes 
The rate during the third 15 minutes is approximate)} 
20 to 30 drops per minute For the fourth 16 minute 
interval and the subsequent period of anesthesia, the rate 
of administration is kept at a maintenance level of ap- 
proximate!} 12 to 24 drop'* per minute The concentra- 
tion of ether m the mask during this maintenance period 
18 between three and five volumes per cent • 

This technique is intended to suggest the procedure in an 
average case onl}, and must be subject to variations to 
conform to the needs of different individuals 

* Goodman, Louis and Gitman, Alfred The Pharmacological Pasis 
of Therapeutics 1941, p 52 By permission of The hlacmillan Com 
pany, publishers. 
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For the treatment of fractures the first plane of surgical 
anesthesia is the one of choice The patient is carried 
through the stage of analgesia and the stage of delirium 
before he reaches the stage of surgical anesthesia The lat- 
ter IS recognized bj a return of regular respirations (in 
contrast to the irregular or jerk> rcspirator> movements 
in the stage of delirium), b> a lessening of ejeball move- 
ments, and bj a return to normal of the rapid pulse and 
elevated blood pressure of the stage of delirium Lightening 
of the anesthesia once the first surgical plane has be n 
reached is indicated by irregular breathing, appearance of 
the swallowing or vomiting reflex, and an increase in the 
movements of the ejeball Deepening of the anesthesia is 
recognized bj fixation of the ejeballs (freedom from move- 
ment), or b> an increase in abdominal breathing resulting 
from beginning paraljsis of the intercostal muscles Either 
of these signs is the signal for lessening the .snesthe^ia to 
the first plane as described above 

After care 

Following ether anesthesia the patient’s gown should be 
changed (if damp from perspiration) and he should be 
under constant supervision until the postanesthctic vomit- 
ing has stopped and he responds to questions or instruc- 
tions 

Supplementation — Ether anesthesia docs not require sup 
plementarj measures 



CHAPTER XXIV 


ROENTGENOLOGIC STUDY OF FRACTURE HEALING 
AND BONE REACTION ADJACENT TO METALLIC 
PINS USED IN EXTERNAL FIXATION 

Lieutenant Commander Stephen L Casper, MC-V(S), 
USNR 

It IS beyond the scope of this brief chapter to discuss the 
\arjous roentgenologic problems incident to the diagnosis 
and treatment of fractures On the contrary, the limited 
field suggested by the title is to be clo3el> adhered to, thereby 
enabling the reader quicklj to compare the results of eicter- 
nal fixation with metallic pins and tho^e of other methods 
of fracture treatment The material utilized for this study 
was selected without bias and is representative of the \ari- 
ous conditions depicted It is intended that this shall be an 
objective presentation, but the writer has not hesitated to 
interpret and compare his observations where this seemed 
indicated 

From the viewpoint of the roentgenologist, the use of ex- 
ternal fixation by means of the Stader apparatus is superior 
to all other methods, for it has greatly reduced the need for 
portable x-ray examinations, it has reduced the number of 
roentgen examinations per case, and the films are of better 
diagnostic quality The improvement in the quality of the 
films is attributable to the following circumstances (1) 
The patients being ambulatory, most of the examinations 
are made m the x-ray department ( 2 ) Relatively little diffi- 
culty 13 experienced in obtaining unobstructed anteropos- 
terior, lateral and oblique views of the fracture site ( 3 ) As 
Kktt twrtxintml *05® til taaA's yv wAy tPtxravit>Tia’iV> re- 

quired, better visualization of the bony architecture prevails 
Aside from these considerations that directly concern the 
roentgenologist, the writer would be remiss if mention were 
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omitted of the amazing stability imparted to the fracture 
fragments b> this apparatus Routine comparati\e oxami- 



Fijr 110 — Fracture ol the tibia, the fraffment^ of v.hich Tvere 
ori^nally immobihzeil bj means of a Ijine plate \then first seen bj 
our «crvice, o»tcom>clitJS had developed around the screw s, ncee«jital 
in? removal of the Lane plate and extensi%e anurenration of the in 
fected lione frnctrents which were then immobUircd b> meant of the 
Stadcr »phni. A, Appearance of the fra?menta Immediately follow in? 
application of external axation Vote Hiat the apposin? fracture *ur- 
facct arc mercl> thm cortical shells and mcehtnicallj unt'abic for 
fixation purpotet. /’, Appearance of the tibia two months later Not 
onfy is satisfactory bony union taLin? place, but the position of the 
fra?ment8 U unchanjjeil Obterte the absence of either pin reaction 
or demircralitation following two months' immobiliiation 

nation^ of fractured bones immobilized bj the Stadcr splint 
disclose a fixed relationship of the fracture fragments, re- 
gardless of the t>*pc of fracture ThU rigidity of the frag- 
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ments pre%ails e%en despite a mechanically unfa%orabIe 
conficuration of the fracture surfaces (Fjg 110) From the 
impartial \iewpoint of the radiologist who all too vividly 
recalls the appearance of fractures treated by older meth 
ods orthopedic surgery as exemplified by this apparatus has 
indeed made great strides forward 

PIN REACTIONS 

As the insertion of metallic pins into the bone fragments 
is essential to the treatment of fractures by means of exter 
nal fixation it is not inappropriate to consider the osseous 
reaction to the«e foreign bodies particularly as some phjsi 
Clans have criticized this form of fixation This criticism or 
distrust seems to arise from the necessity of using two 
metallic pins m each of the fragments to be immobilized 
Although it 13 admitted that the roentgenologist should not 
intrude or interpose his opinions in problems of surgical 
judgment, he nevertheless enjoys the unique opportunity of 
malting impartial unbiased observations the summation of 
which seems to warrant valid conclusions pertinent to this 
problem 

It has been deemed advisable to consider the subject of 
pm reaction under three subheadings (1) appearance of 
the bone immediately following the insertion of the pm , (2) 
bone reaction while the pm is m situ , (S) appearance of the 
bone following the removal of the pm 

I Appearance of the Bone Immediately Following the In 
sertion of the Pin 

In most instances aside from the presence of the pin 
there is no change in the appearance of the bone 

Occasionally, however, small collections of osseous ma 
terial are noted in the soft tissues adjacent to the bone at 
the points of entrance and emergence of the pin This is 
undoubtedly calcareous material remov ed from the bone in 
the process of drilling m the pin and as such is of no clin 
ical significance It is considered important however, that 
this occasional observation should not be misinterpreted as 
inflammatory pin reaction If it is made immediately follow 
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mg the insertion of the pm, such a deduction is obMouslj 
erroneous and unjustifiable On the other hand, if suitable 
films of the pm sites arc not obtained %\ithm the first tno 
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Fig 112 Fig 113 

Fig 112. — Cortical fracture of femoral shaft produced by 'ham 
menng in ’ an incompletely seated pin 


Fig 113 . — Unsatisfactory position of the pin due to iW accidental 
partial withdrawal subsequent to satisfactory Insertion of the pin in 
both cortices Note the pm track or ' dead space distal to the point of 
the pm, the extent of which corresponds to the amount of pin displace 
ment 

In tuo instances there r\a*» a splintering of the cortex 
resulting from hammering in the pm following its incom- 
plete seating into the distal cortex of the femoral shaft 



ROENTGENOLOGIC STUD\ OF FRACTUPE HEALING 237 


(Fig 112) This ma> be anticipated in a large percentage 
of cases \%hcn a ‘’if-inch pm is driven through the distal 
cortex of the shaft of a tubular bone 
Another occasional observation noted immediatelj fol 
lowing insertion of the pms is a ''dead space" or pin track 
in the distal cortex bevond the point of the pm (Fig 118) 



lie in. — Proper pm In'crtion Ob'cnc ll tlic pin^ lire frnly 
m both cortices nitlout ixces^ni proJocUon of the pm pomi 
into the Boft Ubiuc^ 


This IS the result of pm slippage prior to locking the pm in 
the pm block Although of no significance In am of our 
cases ft IS not devoid of potential danger, for the firm fixa- 
tion of the pm in lioth cortices is t.ssonti'il to the s.vlisfac 
ton immobilization of the fragments 

It IS appropriate at this time to slate the critern bt which 
one ma> judge whether or not the pms are propcrlv plvrtd 
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in the bones The correct insertion of the pin may be easily 
and accurately determined bj noting whether it passes 
through the cortical portion of both margins of the bone 
(Fig 114) Although the projection of the pm into the soft 
tissues be>ond the bone is unnecessary the point of the pm 



Fig 115 — Improper pin insertion Not only is thcro fa lure of pm 
fisation in both torticcs but the mwe prox mal p n passes through 
the fracture line 

should not lie free m the medullary cavity, for, as was men- 
tioned failure of firm fixation in both cortices permits un 
desirable motion of the pm in the bone, uith resultant 
inadequate control of the fragments and localized bone reac- 
tion adjacent to the pm Fnrthermore, the selection of the 
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Site of pin in'sertion should a\oJd the pa'^age of the pm 
through the fracture line (Figs 113, 115) 

2 Rone Reaction \\ hile the Pin Is m Situ 

Ordmanli the pms are permitted to remain in situ from 
eight to sixteen ii\ecks, the determining factors being the 
bone m\ol\ed and the tjpe of fracture sustained It ma> be 
categorical!} stated that with the present technique, pm 
reactions of clinical significance arc not anticipated, and 
therefore the duration of fracture fragment immobilization 
IS determined b> the degree of boni union rather than ex 
pediencj This confident attitude of the orthopedic surgeons 
IS substantiated rocntgcnographicall} , for onlv rare!}, prob- 
abl} in the neighborhood of 1 per cent of all present ca«es 
(Figs 110, lie, 117), docs one observe a bone reaction of 
clinical significance This rather dogmatic statement how 
ever, should bo interpreted m the light of a careful aniljsis 
of the phraseolog} employed Attention is first directed to 
the clause "of all present cases,” for this servos to exclude 
those fractures treated prior to the establishment of the 
present technique The validitj of this discrimination is 
merited bj the fact that original}} the pms were inserted 
b> means of on electric drill, and in some caies, metallic 
rather than nonclcctrol}'tic fiber pm blocks were used The 
other clause to which attention is directed is "pm reactions 
of chmeal siqnifxcancc' With these reservations in mind 
we wish to reiterate that chntcallv significant pm reactions 
arc rare 

Mild or Silent Pm Henettotu* icitfioui Clmtcal Siffnt/i^ 
co/ter — In about 75 per cent of the ca«cs there is evidence 
of a mild or silent t>pe of pm reaction that is only apparent 
roontgenographicalK This reaction, which is «ecn In from 
tv\o to eight weeks following the insertion of the pins is 
regarded ns a normal tissue response to the traums and 
irritation Incident to the insertion and continued presence 
of the pins It IS dcfinitelj not infectious in character It 
mnv be recognized b> cither of two roentgenologic mani- 
festations, the first of which Is n lorohzed pertoslral reac- 
tion, slight to moderate In degree, with subperiosteal bone 
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formation. This takes place adjacent to the pin, and is most 
frequently observed at the site of entrance (Figs. 118, 119). 
Although symptomless and inconsequential, the roontgono- 
logical manifestations of this periosteal reaction are not 
transient, but persist as subperiosteal areas of sclerosis 
associated with a slight irregularity in the outline of the 
bone. 



Fjp. 1J7. — Exrellfnt tflJerantc to mfHihc f>j»« two and ono halt 
morths followinc their fniiertion. In t! obsone Iho locahzod j>«no<teal 
reaction (arrown) eimulatin;; calcareous material removed from l>on«‘ 
incident to drilling. 

In addition to this localized periostitis, there occurs in a 
/ewer neanber aS a tvfj- narrow, iiatpercepiihie 

radiolucent zone of dr»jmrrn/izafioii adjacent to the surface 
of the pin (Figs 219, 120). This is most apparent in the 
medullary portion of the bone, but may lx' undetected oten 
when present if the film is not of the best po^sibie qu.shty. 

Obviously, therefore, those mild reactions should not lie 
confused with tho'^e which were all too prevalent and noither 



242 


MANUAL OP FRACTURES 



Fig 118— Normal type ol penoateal rtartKJn approximately Jour 
weeks following pm insertion This type of proltferatire reaction is 
more apparent on translucent roentgenographs* 


ically evident through the medium of pm seepage. The latter 
condition, which is usually of short duration, tends to sub* 
side spontaneously, and if persistent should be regarded as 
abnormal. An investigation of this condition not uncom- 
monly discloses one of the following etiologic factors: (1) 
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insertion of the pm into cnncelloiis bone possessing a \ery 
thin cortex; (2) improper seating of the pin in the cortical 
portion of the bone, (3) insertion of the pm into demineraU 
ized bone; (4) insertion of the pin through traumatized 
devitalized, or <an unusuallj* thick lajer of «!oft tissues, and 
(6) failure of electrical insulation of the pin It is Ihere- 



Fifr 119— Nonnal bone absorption adjacent to metallic pint. This 
Is best domonstrated by the translucent roentecnoeraph /t Showing 
both bone absorption and periosteal reaction snlh subpcnoateal bona 
formation The pm has been in situ for five months Jf? Shoeing bone 
absorption adjacent to pin In situ for ten weeks 

/o«? xppiri-nt ihat, sUftoagh pia i3 the ehniclsn's 

problem, the radiologist is not nbsoUed from participating 
in Its solution insofar as the ctiologic factor or factors ma> 
be apparent roentgenographlcallj 

It will be obserted thnt no mention was made of osteo- 
mjelitls as one of the C3u«es of pin seepage AUhoogh 
osteomjelitis is capable of producing this condition, its 
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omissjon not an oversight, for in our experience the 
use of pins as not complicated bj this serious and unfortu- 
nate infection This is of e\en greater significance v,hen it 
IS realized that external fixation was utilized in the treat 



Tig 120— Normal osseous absorption and localized periosteal pro 
liferation in cancellous bone, pms in situ twelve weeks Compare with 
the more distal pin, which ts devoid of reactive bone change 

ment of certain fractures in which osteomielitis was al- 
tvh’li'S TflitiT \c» Wife Wfi«?i\wn td Wit ifiTft . 

Pin Reactions 0 / Chnical fniportonce —1 Osseous Rarc- 
faction . — ^Vhen pm reactions of clinical significance occur, 
they are manifested on the x-ray film by an obvious irregu- 
lar zone of osseous rarefaction which extends from 3 to 10 
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mm. from the pin surface. This involves both the cortical 
and medullarj' portions of the bone, particularly the latter 
(Fig. 122). These osseous reactions arc most pronounced in 
the cancellous portions of the bone, ^^h^ch arc repeatedly 
traumatized by pin motion secondarj’ to in'^tabiiitj of the 


Fifr 121.— TolernncQ of ossoous tmnc to metallic pins in the pres 
ence of chronic ostcomrciitis. The time interral tettcecn films A and 
P is nine weeks. The pms do not pass through the Infceted bone, the 
osseous defect noted Iwtwecn the two distal pins bcinj: the site iron 
which n bone prafl was removed 

pin in the thin layer of surrounding cortex. We are al^o 
of the opinion th.nt the periosteal pha^se of pin reactions 
increases directly with the thickness of the surrounding 
muscle tissue through whidt the pin passes. For this reason, 
it is more prevalent tvhen pins are inserted into the thigh, 
elbow region and upper portion of the arm (Fig. 12.T). In 
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contradistinction to osteom>elitis the bone does not acquire 
the mottled or spotty type of demineralization so character 
istic of this infection In all the cases of our senes exhibit 
ing this more extensile type of reaction the cause was 
directly attributable to either faulty insertion of the pm, 
cancellous or demineralized bone or electrolytic action be 
tneen the pins The latter factor is desen mg' of careful 



teat proliferation and localized demineralization TKia '^as associated 
with a ssgTiificant amount of protracted pin seepage 

consideration not on!> because of its significance but also 
because it is preventable 

2 Reactions Due to Electrolytic Action hetioeen Pins — 
The explanation of electrolytic action betn een metals placed 
in the bod> may be bneflj summarized by stating that the 
tissue fluids act as an eicctrobte when dissimilar metals are 
placed in the tissues This results in the formation of a bat 
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terj', the amount of current bein? proportional to: (1) the 
dilTerence of metallic potential; (2) the decree in which 
they arc acted upon by the gi\en electrolyte (tissue fluids) ; 
and (3) the distance between the poles. These metals l>cha\e 
ad seriatim in accordance wUh Volta’.s law of the electro- 



Fjb. ISl — Et«s»i»e pm n^action not Infmjuenlly obwrvH in 
/’rshy portions o/ the ejttrpmftW, ejpecJallp the rejrwn of the hip 
Note the relative of reaction adjacent to the more dittal pin 

motive force of metals, and when ditTcrenl metals are con- 
nected or coupled directb", there is a #:alvan{c action be- 
tween the poles. It follows therefore, that the ti.^sue ma.s.s 
around the metal, which at one lime was described as 
“necrotic ti^isue,’’ is actually a deposit of ions exactly like 



Fig 124. — Electrolytic bone reaction (C) adjacent to a pm immo- 
bilized in a metallic pin btoeV (C). Note the absence of bone teaction 
adjacent to the two upper pina (D) immobilized in a fiber, nonelectro- 
lytic pm block (A). 


Although only pure xnetals and nonelectrolytic alloys are 
inert, their physical properties are unsuitable for use as bone 
pins for external fixation. It was therefore necessary to select 
a metallic substitute, the choice being a stainless steel alloy of 
very low carbon content, capable of receiving and retaining a 
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temper at the point of the pin Asoriginallj used, these stain- 
less steel pins \\ ere locked in a metallic pm block bj me'ins of 
steel screws or bolts, the composite a'^scmblj constituting a 
galv ante couple with completion of the circuit bj the electro- 
Ijiic tissue fluids The bone reactions attendant upon the 
use of this apparatus substantiated the abo%e h%pothesis 
and necessitated a modification of the equipment (Fig 124) 
This modification consisted of replacing the metallic pm 
blocks with nonelectroljiic fiber blocks, and of course con- 
tinuing the use of pins of identical chemical composition As 
a precaution against possible chemical variation, pms made 
from different pourings or batches of allojs are not simul- 
taneouslj used in the same case In other words the pins 
used in anj one Stader unit arc “matched pms,’ in that thej 
were all made from the identical pouring of molten stainless 
steel alloj From all practical considerations, this has com- 
pletclj eliminated eIectrol>lic action between the pins 

Carefullj conducted experiments b> a national!) re- 
nowmed ph> sicist ha\ e demonstrated that approximately 39 
per cent of the potential electrolytic current is eliminated 
by the proper use of fiber pm blocks The residual I per cent 
current is generated along the pm surface b\ the gahanic 
action between the component elements of the stainless steel 
alloy from which the pm is made Incidentally, this phe 
nomenon may contribute to that phase of the sflent bone 
reaction preMOUsU described ns "an almost imperceptible 
radiolucent zone of demineralization adjacent to the surface 
of the pm “ Needless to ’^ay , the use of anv electroly tic topical 
application or dressing to the skin surface between the pins 
IS contraindicated 

3 licnctions Due to FtiuUjf Itticrtton of Pins — Faulty or 
improper seating of the pm is another important factor con- 
ducive to abnormal bone reaction Even though complying 
with the aforesaid roentgenologic criteria for satisfactory 
Insertion of the pin errors may be committed during its in 
scrlion For example, unsteady or wavering pressure on the 
drill during the pm Insertion results in a loose-fit of the pm 
in the bone Although this condition ma\ not be directly 
apparent on the x-ray film its possible presence is suspeclotl 
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if there js an otherwise unexplainable excessive amount of 
localized bone reaction at the site of pm insertion This is 
particnlarl> true in the liss fleshy portions of the extremi 
tics where pm reaction is normally absent or minimal 
4 Thermal Necrosis FoUoivtng Vse of the Electric Bone 
Drill — In our experience the greatest single factor or agent 
resxionsible for excessive bone reaction was the use of the 



Fiff 125— Ping sequestra A Ax al project on li obi quo projec 
tion The sequestrum in A was associated w th p n seepage that in 
D was of the latent or silent vanetj and has been partially ex 
truded from the bone Note the periosteal react on in both A and B 

electric bone drill So constant was this observation that not 
infrequently the roentgenologist without clinical knowledge 
of the case could unerring!} designate those pms that had 
been inserted w ith the electric drill In cases such as these a 
radiolucent zone from 3 to S mm in diameter would appear 
around the pin w'lthin two or three weeks to be not infre 
quentl} followed after six to ten weeks by the presence of a 
small cortical or subcortical ring sequestrum (Fig 125) 
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Although occasionally latent* ring seQuestra tend to per- 
petuate pin seepage, and are therefore surgically removed 
Ring sequestra have been observed that appear to be under- 
going slow absorption (Fig. 126). We ore of the opinion 
that both the ring sequestra as well as the antecedent de- 
mineralization are the result of thermal necrosis of bone due 
to either too rapid insertion of the pin or the use of a dull 
pin. If either infection or osteomyelitis should occur, it is 
felt that it should he regarded as an independent coexistent 
condition. This problem has not presented itself in any of 



Fitr. I2G —Partial absorption of rinjr sequestrum. Time interval 
tnecn films /I anti Z>— seven and one.<}uarter months. 

our cases. In several eases that cxhibiteil an abnorm.al pm 
reaction, a periosteal cuff was obsened to project along the 
pin track into the soft tissues toward the skin surface. The 
{mpres.sion has been gained that this condition was particu- 
larly prone to occur in conjunction with electrolytic reac- 
tions (Fig. 127). 

While on the .subject of thermal necrosis of bone, wow ish 
to discuss briefly a most interesting case th-at came to our 
attention some time ago This was a white male, fifty-three 
years of age, who presented himself for tre.ntment of an old 
iinunitcd fracture invoUIng the proximal third of the left 
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ulna Following apparently successful insertion of a bone 
graft, the fragments were immobilized by means of exter- 
nal fixation, and the case pursued an uneventful course for 
eight weeks At that time, because of an independent sys- 
temic disorder the patient received a hypertherm treatment, 
his temperature rising to over 105® F for a period of four 
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maximum diameter of the osteolytic area being 12 mm. At 
no time was there any evidence of osteomyelitis. Aside from 
its interest as an unusual complication, this case sen.’es to 
emphasize the dictum that individuals with metallic foreign 


Fig. 128 — Thermal nocrosi* of ulna, approxim.itcly' firo montft* 
after a single hypertherm treatment. Note the eharply demarcated 
tones of bone deatmclion and cxtonsiTe periosteal reaction ■xvilh sub- 
periosteal bone formation. 

bodies embedded within their tissue^, particularly the skele- 
tal system, should not be subjected to either hypertherm or 
diathermy treatments. 

3. Appearance of the Bone after Rcmosnl of the Pin 

In the average case which was unattcndeil by any signin- 
cant bone or pin reaction, the removal of the pin imparts a 
definite sen<iation of firm Axation of the pin in the bone. If 
the bone is now examined rocntgenographically, a well de- 
fined mdiolucent channel or track i'* seen to mark the 
former site of pin insertion. This is app.-irent when viewed 
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FiS 129 — Normal pin hole* immediately after removal of pins A 
Axial project on D oblique and profile projections of p n holes C D 
orofile projections showing d fTerence between cortical and medullary 
portions of the pm tracks 
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both axially and in profile. When obsened in the axial pro- 
jection, the channel presents a circular defect corrc'spondmp 
to the cross section of the pin around which this track 
formed. In profile, the channel appears as two thm parallel 
lines of increased density separated by a radiolucent rone 
of slightly lesser density than that of the surrounding 



Fir 130 — Compnrntlvp cxainination of pm holt*, ilmonstratintr tVe 
IniiRntficant chanj^c taking place In four and one half months- 


medullnry cavity of the bone. This channel is most e\idcnt 
in the medulla, the diameter of the radiolucent zone natu- 
rally corresponding to that of the pin. If viewed oblajuely, 
this shadow is a combination of those seen in the axial and 
profile projections, the cortical defects being particularly 
well defined (Fig. 129). It Is suspected that the segment of 
the pin track traversing the mcdullarj' portion of the bone 
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IS sealed off from the marrow cavity by a thin circum 
scribed cylindrical zone of osteosclerosis 

A representative number of pm channels have been 
studied by means of serial roentgenographs taken over a 
period of six months following removal of the pins The only 
change observed to date has been a partial loss of sharp 
defimtion m the outline of the channel This is usually best 
demonstrated in the profile projection (Fig 130) Although 
our investigation of this problem is at present incomplete it 
IS suspected that these channels may persist for years and 
some may be permanent 

HEALING OF FRACTURES 

In our experience the healing of fractures that are re 
duced and immobilized by means of external fixation is as 
prompt and satisfactory as that observed when other types 
of fixation are employed only one of our cases resulting in 
nonunion There are however two types of fractures to 
which this generalization does not apply m one union is 
accelerated— m the other it is retarded The first of these is 
the ohhque or spiral fracture involving the diaphyses of 
tubular bones In cases such as these it is found that firm 
bony union takes place in an appreciably shorter period of 
time than m similar fractures immobilized by other meth 
ods It 13 not improbable that this acceleration of union is 
dependent upon rigid immobilization of large fracture sur 
faces which permits uninterrupted organization and ossi 
fication of the extensive exudate and osteoid tissue found 
at the fracture site The other type of fracture the one in 
which union is delayed is the transierse variety involving 
the middle third of the tibial shaft It is suspected that the 
retarded union encountered in this type of fracture js at 
tributable to rigid immobilization of the fragments by the 
Stader splint Whereas this quality is advantageous when 
large fracture surfaces are present it is of dubious value 
wVien Vne fTaxAnre is transverse and Vne Viood supp’iy none 
too abundant for under these circumstances the osteoid 
tissue 13 rather meager and if the fragments are rigidly im 
mobilized there is an absence of stimulation of callus forma 



Fiff 131i.»-rrojrrr><iTc hfslinp <pf a trapsvfrir fractjre InTolnn^ 
Xht WKlporllon of tlWul shaft, App^araneo of Iho fracture threw 
aecV:* after the injury, P fire areeVa later, C, D, two and one half 
months later The f cures C, which Is an anteropos'erior eiew. and P, 
an ohlJtpie projection of the frartare site, denons'rate the re’atteely 
•mall amount of exterral eallus 
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tion that IS usually engendered by the slight motion of the 
fracture surfaces permitted by other methods of fixation 
In order to overcome this disadvantage, it has been sug- 
gested that, following a relativelj short period of external 
fixation of the fragments, sufficient to allow for the deposi- 
tion of fibrous callus at the fracture site, the external fixa 
tion apparatus shall be replaced bj a walking cast It would 
appear that a routine such as this would insure the advan 
tages of both methods 



Fig 132— Absence of demineralization after seTcn -weeks’ immobiliza 
tion by means of external fixation 


In general, it has been observed m uncomminuted trans- 
verse and oblique fractures that the formation of external 
callus IS not as abundant as when immobilization is accom- 
plished by methods other than external fixation This is 
attributed to the excellent reduction and fixation of the frac- 
tures b> the type of apparatus under consideration As this 
reduction in the amount of external callus has no effect upon 
the production of intermediate and internal callus, no con- 
cern need be engendered as to the healing process (Fig 
331) 
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Post-traumitjc dcminprahzation or o<5teoporo‘'Js has not 
been conspicuous m fractures treated b> external fixation, 
unless it IS deemed necessary to maintain fixation through a 
joint We are of the opinion that the relative absence of 
demineralization ma> be ascribed to the freedom of joint 
motion permitted bj the Stadcr splint (Figs 110, 132) 

The criteria that v\e employ for satisfacton healing of 
fractures arc those generally accepted b> roentgenologists 
namelj, (1) evidence of bonv callus formation, (2) pro- 
gressive indistinctness of the fracture line, and (3) return 
of normal bony architecture On the other hand, if the frac- 
ture lines tend to become more distinct, and particularly if 
the fractured ends of the bone acquire a shghtl> tapered or 
conical configuration, dela>ed union is anticipated 
At the risk of appearing trite, we wish to emphasize that 
it is incumbent upon the roentgenologist to pay meticulous 
attention to the apposition of the fracture surfaces follow- 
ing reduction This is emphasized because, with this tjpo 
of reduction and fixation apparatus, cither excessive dis- 
traction or impaction of the fragments ma> be produced 
and if uncorrected, poor results will ensue 




Fig 133. — Stader splmta* All splints arc of the same general de 
sign Lengths jsw (No 0/)t 4 inches, clavicle (No 0), 5 inches 
radius and ulna (No 1 ), 9 inches, humerus (No 2>, 11 Inches tibia 
(No 3), 13 inches, femur (No 4), 16 inches The os calcis splint 
(No S) comprises tiro extension bars and pin blocks which permit 
two pins through and through in the lower portion of the tibia, one 
U shaped os calcis bar bnnging the insertion of one pin through and 
through the os calcis The instrument is unassembled (In the illustra- 
tion the number and name of each splint are Inserted bflow that 
splint) 
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Fiff 135- — Pin bars- Pin bars arc made of moIdM pJastirv mlh 
special metal inserts to prevent set screnx from palllnt; out. Tbc \ nrs 
ma) be sterilixed b? boiling or autocIariRs Measurtmerls jaw iSo 
0~J), two s«es, one inches long, inch wide and inch ihieJ. 
the other, inches long, % inch wide and t, meh thieh, cla'icle 
(No 0), two sizes, one IS Inches long, 'e inch wide and t* inch thick 
the other, inches long, ^ inch wide and >• inch thick, radius and 
ulna (No 1), two sires, one inches long, *« inch wide and \ inch 
thick, the ether, 2 Inches long, inch wide and \ inch thick, humo'us 
(No 2l, two sues, one 3 inches long, *» inch wide and % ireh thick, 
the other, 24 inches long with same width and thickness, tibia {So 
5), specifications cxactlj the same as for femur splint and inter 
changeable with it, femur (No 4), two sices, one & inches long, 1 
inch wide and inch thick, the other, 4 inches tong, 1 inch wide a"d 
% Inch thick (may be u«od as above or two of the same sire ma) be 
u«ed); os calcis (No 5), 3 inches long. ** inch wide and inch thick 
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Fie 136* — Siader spimt acecssoncj a pia bar for 

short fraemcnta of the tibta require two 5 by *i4 inch pins, and can 
be Dscd OB either the tibial or the femoral sphnL 

b, The projected pin bar used for the distal extremity of the 
humerus requires pins fi inches lonp and ^ inch in diameter 

e, The pm handle, T-ahaped, with set screws for jntrodocine pirs 
by hand, but more commonly used for extraetine pms 

d Flexible shaft dnll, hand-operated, 4 feet long Hard piece can 
be detached and stcnlu^ separately Pins inserted into chuck and 
locked into place with set screw 

e. Unieersal wrenches for aetivatmc set sereus m pm bars etc. 
One large wrench, 6 inches long, is used on mslrnments 1, 2 3 4 
and 6. and one small wreneb. 6 inches long, is used on instruments 
0 and 0-J End wTenehe? two of each, with end openings of the fo! 
lowing sizes inch by *s inch, inch by inch, and H inch by 
S >nch. 

/, Pin cutter, combination hydraulic and icren type, used for 
cutting caress pin when desirable (Should not be sterilized,) Jans 
arc of a cyiindncal type largest hole for cutting off 'll inch and 
^ Inch pins, smallest hole for cutting off ’i-lneh and ^ Inch pins 
(always hare the threaded stem unscrewed completely so that poles 
in cutting area will be m apposition). When instrument !i not in 
use, threaded stem should be retracted as far as po^«ible 

C Wrenches for actirating adjusting screws, lock nuts and turn 
buckle 
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CHAPTER XXV 

TREATMENT OF FRACTURES AT SEA BY SKELETAL 
TRACTION 

Traction and countertraction were used by Hippocrates in 
the treatment of fractures, and in the fourteenth century, Guy 
de Chaubac recogmized the difficulties incident to the proper 
management of fractures of the femur He suspended frac- 
tures in a sling bandage and treated fractures of the femur 
by means of weight and pulley Ambroise Par^, in the six- 
teenth centurj, gave a splendid description of a similar 
method and referred to it as his pulley He also described 
the Glossocomium (a hoisting ■winch) » the extension ap- 
paratus of the ancients Fabncius Hildanus (1360-1634) 
secured a pulley to the foot of the bed and suspended a jack- 
stone to the heel for continuous traction The first cases on 
record in America in which the weight and pulley method 
was used were described by William C Daniell, of Saian- 
nah, Ga (1829), and LA Dugas, of Augusta, Ga (1854) 
In 1861 Gurdon Buck perfected this method of traction and 
extension and made a report of twenty one cases to the New 
York Academy of Medicine The strong approval given by 
two great contemporaries, Samuel D Gross and Lewis A 
Stimson, made this method at once recognized throughout 
the world Tofacilitate the use of weight and pullei for con- 
tinuous traction and extension, various bed frames haie 
been denied, the best known of which is the “Balkan 
frame ” 

Wijnen claims that Doctor Metz first used the frame m 
1898 and described it in 1903 A Dutch ambulance unit 
brought it to Serbia, where it drew the attention of the 
26C 
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French and Americans and was adopted under the name of 
the Balkan frame 

The Balkan frame was modified bj Bhkc, Gasette Desfo^ 
scs Charles-Robert, and Sinchir to answer an\ requirement 
in hospitals but not on hospital ships The Mbration, roIJinf: 
and pitching of a ship sets the extension weights attached 
to ice tongs Steinmann pins, and other apparatus for trie 
tion, into a pendulum motion which is ^erv painful and 
annojing to the patients and frequentlj defeats the pur 
pose for which the weights are applied 

The problems encountered in the treatment of fracture 
at sea bj skeletal traction prompted Shaar to de\ise an ex- 
tension apparatus and fracture frame to o\crcome the 
pendulum motion transmitted from the traction weight to 
the fracture This apparatus was first u«ed on the U S S 
Jlerci in 1927, hter on the U S S Relief, and still later on 
battleships and airplane carriers U Tna\ be u«ed to etiual 
advantage ashore 

The frame has man> advantages over the Balkan frame 
It IS more compact, durable simple m construction and 
inexpensive and is ca«ilj adjustable to meet nn> require 
ments of skeletal traction It requires little space for stor- 
age when not in use and in a few minutes it mav be 
clamped to anj bed or bunk The Balkan frame, on the other 
hand, requires 7 1 feet of 1 b\ I3*-i inch lumber, 280 clamp® 
screws, wing nuts, bolts, and so on This renders the Balkan 
frame a fire hazard aboard ship and impractical to apph 
to a bunk 
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ANTIPENDULUJI EXTENSION APPARATUS AND 
FRACTURE FRAME 

Apparatus Devised to Overcome Handicaps Found in Use of 
Balkan Frame at Sea 

The fracture frame is made of metal tubing, either of iron 
or brass (Fig 137), which may be clamped to any bed or 
bunk (Fig 140) Through the metal tubing multiple fenestra- 
tions are made sufficiently large to admit a strong steel rod 



Fig 137. — The antipendulum extension apparatus and fracture 
frame requires small space for storage is easily and quickly assem 
bled and may be clamped to any bed or bunk The clamps shovn in 
this figure are lor use on bonk in tick bay (Splint Manual U S 
Navy ) 

uhlch may be secured by a thumbscrew at any desired length 
(Fig 138) The fenestrations are made in various directions 
so that an> angle may be obtained To the metal rod a pulley 
w ith a 5wn el is clamped at the required distance 
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The antjpenduJum apparatus is an essential feature of the 
frame T^o tjiies are required, one for the traction 'weights 
and the other for weights suspended o\ er the bed {Fig 139) 
The apparatus for traction consists of a square rod, the 



Fj;r 33S— The antjpenduJum «tens*on apparatus ard /rseture 
frame when assembled and secured to a bunk in the •!ek bay (SpUrt 
Manual U S NaTy) 


upper end of which is curved to rccoi\e a pulle> A suitable 
clamp Is applied to its shaft b> incan^ of which it can be 
secured to a bedstead or bunk Immedjatcl> undemcat}i 
the pullev Is a ^mall piece of metal tubing which is attached 
(o the mam ro<l bv two ^mall connecting rtxls It Is «o con 
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structed that the traction cord upon leaving the pullej* can be 
passed dou-n through the metal tube in a perfcctl}’ straight 
line. The eight is attached to the cord immediatejj after it 
emerges from the tube. 

The purpose of the tube is to keep the traction cord in a 
straight line and to prevent the weight from being «et in 



Tie 141.^ — The 8ntlf>on<l«Ium ^xt^nswn airparaiuj and Iractvrf 
frame, illuatroUns Its use viben ilouble bunks are used The clamp U 
constructed in such a ^ay that the frame may be elerated or lowered! 
to any de«}red hoJijht. (Splint 3Ianual. U. S Navy > 

pendulum motion by the rolling and pitching of the .‘ihip at 
®ea. A similar apparatus is secured to the other end of the 
bed for a traction and counterlraction weight. The anti- 
pendulum apparatus u«ed far veighti au«pended over the 
patient's bod consists of an L-shape<l metal rod. with n fen- 
e<tratIon through each end, one to secure the rod to th** 
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Tifs 144 — The antipendulum extension apparatus and fracture 
frame illustrating the method of applying and suspending the Thomas 
traction arm splint in fracture of the humerus (Splint Manual U S 
Navy ) 




ANTIPENDULUM EXTENSION APPAP^TLS 



Fij: 145— Thf antlpenilulDm utrnBion apparatus ard frafti.r* 
framr, illostratinr th» mrthod pf applpin? traelion to the hu'ad in 
tracturrs anti diilpeations of the cenieaj rertebrae Maraa). 

U. S. Nary.) 
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ADJUSTABLE HASJMOCK FOR TREATMENT OF 
FRACTURES OF THE PELVIS 

The use of a sling or a hammock in suspending the in- 
jured pelvis has been acknowledged to be a useful and prac- 
tical method The apparatus which is commonly used con- 
sists of a wooden bar attached to the full length of the 
hammock where mam pull is applied To offset the lateral 
.drag of the hammock which may cause an overlapping of 
fragments a wooden spreader is made, the width of which Is 
that of the individual patient This necessitates the making 
of a new spreader every time the hammock is used m the 
treatment of a fractured pelvis 
To prevent pendulum motion m the suspended pelvis by 
the rolling and pitching of a ship Shaar designed an adjust 
able hammock (Fig 146) which meets the necessary re- 
quirements irrespective of the size and width of the pelvis 
The hammock consists of four metal rods and four thumb 
screws The two longitudinal rods are made to support the 
hammock and the cross rods pass through their e'rtremities 
to act as stretchers The exact width of the patient is deter- 
mined and the cross rods are secured in the proper position 
by means of thumb screws (Fig 147) The width can be 
adjusted to a fraction of a centimeter This eliminates the 
making of a new wooden spreader for every patient The 
firmness and stability of the adjustable hammock gives It 
additional advantage aboard hospital ships Also it may be 
secured to the bed or bunk (Fig 148) to prevent the pendu- 
lum motion 
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Fig 147 — The frame and hammock stretcher. 
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Blood supply, adequate, for bone 
regeneration, 26 
transfusion, postoperative, {n 
compound fractures, 168 
vessels, care of, in compound 
fractures, 166 

Bohler’s contribution to fracture 
treatment, 3 

to treatment of fractures of 
os calcis, 137 

Bone, absorption. In transverse 
fractures of femoral shaft 
102 

normal, adjacent to metallic 
pin, 241, SiS. 2ii 
demineralization, absence of, 
following external fixation, 
259 

follomng prolonged immobil- 
itation in fractures of os 
cnicis, 142 
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Bone, demineralization, zone of, 
normal, adjacent to metallic 
pin5, 2-11. £iS, Sii 
demineralized or soft cancel 
lous, ineertion of pins Into, as 
cause of seepage, 11 
drill, electric, thermal necrosis 
folIo\nng use of, 2oC, £S0- 
£53 

flexible shaft, hand-operated, 
for insertion of pins, H, 
m. set, 2C5 

fragments, approximation of, 
correct, 23 

jn compound fractures, IfC 
soft tissue interposition Le 
b\een, 23 
grafting, 102 

external skeletal fixation in. 
advantages of. 107 
application of, 192 
in old ununitetl fractures, 
177 

illustrated cases, J76, 
179 

in ununitcd fractures of 
radius, illustrated case. 
195 

of tibial shaft, illustrated 
cases. 197. l^i, ISC 
management of the graft, 
IDl 

problems in, 192 
particles, near points of ln«er* 
tioa and emergence of pm, 
234, £35 

rarefaction, adjacent to pin« 
244. £1C 

reactions adjacinl to metallic 
pins used >n external ftis- 
tion, X ra> studjr of, 232, 234 
See also Tin reoefioTi 
repair, process of, 23 
tolerance of. to metafile pfns, 
X ray findings, HO, SiJ 
X ray appearance after remoral 
of pins, 233. 254, £55 
Oraehfal plexus block, 20C, 207 
See also brarhtal 

plfTus bforl 
Bradfoni, 8 


Bullets. remo\al of, in compound 
fractures irc 

Bums complicating fractures ad 
vantages of external skeletal 
fixation, 1, ICl 

Callcs formation inlh external 
«keletai fixation, 25S 
Case records, importance of, 23 
Casper, Stephen L,, 232 
Causes of fractures in Naxj and 
Marine Corps 193 
Chemotherapy in compound frac 
tures 1C9 
local, ICG. ICO 
oral, 1C9 
pxrenteral 1C9 

Clamp for nntipcndulum erter 
Sion apparatus 2C9 
CtavieJe, fractures of, 54 

comminuted, applieaii n of 
splint and postop* rative 
X ray 55 

external skeletal fixxMon in 
appbentjOR of, t>4 
po«topcraliee care 6(5 
splint, 55 2C0, teo 
pm bars for, tet 
measurements, 2C3 
pins for, SCI 
incn«uremmts, 2Gl 
Codivilla. 3, 4 

Comminuted fractures of d stal 
end of tibia, 120 
of 03 calcis, 133, 144 
Complications in fractures 15^ 
Compound fractures, IDS 
afler-eare, ICS 

a«sociated injuries in. spimt as 
aid, 1C2 
treatment. IfS 
blood transfusion in. ITS 
bone fragments in, rerroval of 
ICC 

bullets, shell fragTpents ar * 
other foreign bodies in. re 
moral of, ICC 

I lined sutures, dangers of KC 
chemotherapy, tC9 
local, jer, ICO 
i oral. If'* 
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Compound fractures, chemo- 
therapy, parenteral, 169 
external skeletal fixation in, ap- 
plication of, immediate, 
under local anesthesia, 164 
importance of, 160 
in combating shock, 160 
m facilitating care of 
wound, 160 

in presence of associated 
injuries, 162 

in reducing swelling and 
edema, 163 

factors influencing treatment, 
1E8 

gas infection prophylaxis, 168 
X rays for, technic, 168 
morphine in, postoperative, 168 
of femoral shaft, reduction of, 
99 

of tibia, external skeletal fixa 
tion in, 163 
illustrated case, 161 
treated after twenty hours, 
163, ISi 

noth associated injunes, ex 
temal skeletal fixation in, 
162 

outline of treatment, 1S9 
plasma in, 16S 
pressure bandage m, 167 
reduction of, 165 
severed tendons, nerves, blood 
vessels and muscles in, man 
agement, 165, 166 
shock in, management of, 165 
supportive care, general. 168 
tetanus prophylaxis, 168 
treatment after eight to ten 
hours, 167 

before eight hours, 165 
of fractured extremity, 170 
outline of, 164 
With osteomjehtis. 171 
externsi skeleizi ifxation I'n, 
advantages of, 173 
Illustrated case, 172 
Orr treatment, disadvan- 
tages, 171 
wound closure, 166 
excision or debridement, 165 


Compression fractures of os cal 
CIS, 138, 144 

Connecting bar assembly of 
Stader splmt, 13, 14 

Dead space distal to point of pin 
following partial withdrawal, 
Sse. 237 

Debridement of wound in com 
pound fracture, 165 
Delayed union, 25 
causes of, 27 
definition of, 28 

external skeletal fixation in 
prevention and treatment, 29 
in transverse fractures of 
lower third of tibia, 
127 

causes of, 128 
of shaft of femur, 101 
process of fracture healing and, 
25 

Demineralisation, bone, following 
prolonged immobilization 
m fractures of os ealeis, 
142 

post-traumatie, absence of, 
following external fixation, 
259 

zone of. normal, adjacent to 
metallic pins, 241, 2(6, 
2ii 

Dentulous mandible, fractures of, 
34 

Diathermy treatment of patient 
with pin fixation, thermal ne- 
crosis following, 253 
Diet as factor in delayed union 
and nonunion, 27, 28 
Diseases as cause of delayed 
union and nonunion, 27 
Dislocation of radius head with 
malunited fracture of ulna, 
osteotomy for, use of splint 
in fSg 

pathological, of hip, transfixa 
tion by means of splint, illus 
trated case, 190 

radio-ulnar, osteotomy of 
radius for, use of splmt in, 
18S 
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Displacement of fragments, cor- 
rection with Stadcr splint, 
method of, 18 , 18 

Drill, electric, for insertion of 
pins, contraindicated, 12 
thermal necrosis following 
ose of, 250, SSO’MS 
flexible shaft hand-operated, 
H, 10, Hi, set, 2C5 

Drilling for pins, preliminarj, 
undesirability of, 22 
of pins, improper, causing ekm 
tension and seepage, 10 
method, IG, 16 
too rapid or unsteady, 22 
unsteady or improper, as 
cause of seepage, 10 

Edentulols mandible, fractures 
of, 33 

Elbow, nerve block at. technique, 

210, ill 

Eleetne bone drill, thermal ne- 
crosis follownng use of, 12. 230, 
250-f5J 

lleetrolysis as eau«e of pm seep- 
age, 12 

Electrolytic bone reaction to pins, 
248. ti8 

Ephednne, in|ection of, in spinal 
anesthesia, single injec- 
tion method, 216 
supplementary, 218 

rplnephnne in spinal anesthesia, 
218 

in local inflltration anesthesia, 
202. 203 

Errors In treitment by external 
skeletal fixation, 21 

Ethtr anestheafa, 227 See also 
/tneslfcesia, fthrr. 

rxcluon of wound in compound 
fracture, 1C5 

Extension apparatus and frac- 
ture frame, antipenduluni, 26^ 
fff? :ts 

External skeletal fixation, advan 
tagrs fn bums I, 103 
application of, anesthesia fo-, 
200 

eontralndieated in children, 24 
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External skeletal fixation, errors 
in treatment by, 21 
for corrective osteotomies n old 
fractures vnlh malunion, 17? 
fracture healing under, x ray 
study of, 232, 256 
general considerations, 1 
histoncal approach, 3 
improved x ray films with, 2J2 
in arthrodesis of joints, 18G 
in bone grafting, 102 
fn compound fractures, 160 
with osteomyelitis, 173 
m fractures of clavicle, 54 
of femoral shaft, 80 
of forearm both bores, 81 
of humerus, SO, CO 
of mandible, 22, 35, 76 37 
errors m treatment 52 
of os ealeis, 138 
of pelvf* fo 
of radial shaft, 73 
badly comminuted, R" 
of tibia ard fibula 10^ 100 
of ulna, 70 

m old unonited fraeturi*^ 175 
in subfrochsnterie fractures of 
femur, 102 

relation to problem of delayed 
union and nonunion, 20 
stability imparterl by, x ray 
findings 233 

Extremity, alignment of. l^eforc 
appHration of splint, 2-** 
inJurW and uninjured com 
panson of before, during ar 1 
after re<luction, 23 

Femi*, anatomical features 9! 
fractures of, 89 
•haft. 89 

compound 9! 

reduction of, 99 
external skeletal fixation 
In, anesthesia for, S9 
application of, f** 
care of pin aite^. 100 
connecting bar «»«eTn!Jf 
application. 95 
Irdlcxtlons for, 89 
length 0^ led res* XOO 
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Femur, fractures of, shaft, ex- 
ternal skeletal fixation 
in, length of immo- 
bilizition, 101 
maintainins rigidity of 
splint during tmntobil 
uation, 102 
pm placements, 90 
sites of, SI 

postoperative care, 100 
reduction of fracture, 95 
thrombophlebitis follow 
ing treatment, 100 
malunited, Stader splint 
and corrective os 
teotomy in, 185 
illustrated case, JSO 
reduction of, 95 
spiral, irregular, reduction 
of. 97 

reduction of, 97 
transverse, bone absorp- 
tion in 102 

delayed union and non- 
union in, 101 
illustrated ease, Si 
necessity for controlled 
impaction m, 101 
postoperative care, 101 
reduction of, 97 
subtrochanteric, 102 
external skeletal fixation 
in, 102 

pm placement in, 102 
spiral, in patient with 
tabes dorsalis, illus- 
trated case, 103 
v.-\th marked downward 
displacement of distal 
fragments, x-rays, 9$ 
osteotomy of, for chrome arlh 
ritis of hip pint, use of 
splint m, 18i 
splint, 80, 2G0, teO 
pm bars for, S62 
measurements, 263 
pins for, Sei 
measurements, 261 
subtrochantenc, 102, lOi 
application of, lOi, tOS 
Fibula, fractures of, 108 


Fibula, fractures of, classifies 
tion, 108 
incidence, 127 

osteotomy of, use of splint in, 
181 

Fixation, deficient, as cause of 
delayed union and nonunion, 
27 

absolute, as cause of delayed 
union and nonunion, 29 
Fluoroscopic control for pm in 
sertion and reduction in frac- 
tures of tibia, 113 
for reduction of fractures with 
Stader splint, 18 

Forearm, cross section, showing 
pm insertion, 7i 
fractures of, 71 

malunited, corrective ostcot 
omy for, external skeletal 
fixation in, 181 
shafts, both bones, 79 

application of splint, 81 
functional activity in 
splint, 83 

illustrated cases, 80 , $S, 
8i, 8S, 8C 

period of immobilization 
in splint, 82 
reduction of, 81 

Foreign bodies, removal of, in 
compound fractures, 160 
Fracture-dislocation of lower end 
of radius and ulna, 84 
Fractures, anesthesia in, 200 
causes of, in Navy and Marine 
Corps, 198 
complications in, 153 
compound, 168 See also Com- 
potind fraeturet 
frame and extension apparatus, 
antipendulura, 268, SSS~S7S 
healing of, process of, 25 
under external skeletal fixa- 
tion, X ray study of, 232, 
256 

X ray cnlena of, 259 
hematoma with, 26 

insertion of pins in, as cause 
of seepage, 11 

incidence of, in the Service, 198 
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Fractures, Imes, planes of, im* 
portancc of diagno*)S, tn 
fracture reduction, 20 
of clavicle, 54 
of femur, 89 
of forearm, 71 
l)Oth bones, 79 
of humerus, 67, 59 
of lower leg, 108 
of mandible, SI 
of os calcis, 137 
of ;wJ»75, 107 

adjustable hammock for 
treatment of, 27C, S77, 

S7S 

of radius and ulna, 71 
of spine, traction to head in, 
with antipendulum extension 
apparatus, t7S 
o/ tibia and fibula, 108 
old, tinunited, 175 
with malunlon, 179 
special, 31 

spiral or oblique, accelerated 
healing of, with external fir* 
ation, 2SC 

treatment of, at sea by skeletal 
traction, 20(1 

unuQited, bone grafting in, ex* 
ternal skeletal fixation as 
Bid, 192 

war, differences from those In 
civilian life, 199 

Fragments, approximation of, 
correct 23 

in compound fractures, IW 
soft-tissue interposition be- 
tween, 23 

Frame, Balkan, development of, 
2GG 

fracture, and extension appara- 
tus, antipendulum, 2G-S iCS- 
S7S 

Freeman. 4 

Functional resforatJon, deficient, 
as cause of delayed union and 
nonunion, 27 

Gas infection, prophylaxis, in 
eempoand fractures. 1€S 
X rajs for, trehnic, ICS j 


j Grafts, bone, 192 Pee also Pont 
I gTafitng 
I 

. IlAm. removal, at pm site, 11 
Hale, Donald E , 200 
Half-pm units of Stader splint. 
13. tl, tes 

ffammcring in of pm. cortical 
splintering b>, 23(5. SSB 
j Hammock, adjustable, for treat- 
I ment of fractures of pelvis, 

I 276, :77. »7S, STS 

j Healing of fracturrs, active mo- 
I tion, early, as factor m, 2D 

1 adequate bitxvl supply and. 
2fi 

complete, signs of, C* 
mu'cle and joint actmty m, 
2C. 27 

process of. 25 
time requirei! for. 2^ 
under external skeletal fisa 
tion, X ray study of 272, 
25C 

X roi criteria of 2S'> 
Hematoma, fracture, 25 

Insertion of pin m as cause 
of seepage, 11 

Hemorrhage m fracture* control 
of, € 

initial effort dirccled to I 
IIlp joint, arthritis of, osteolam> 
of femur for, use of splm* 
in, JU 

arthrodesis of, external ekcIetaJ 
fixation in, applicn'lo-i 
of, J8S, 189 
Illustrated case, 170 
oathologiral dislocation of 
trarsfixatlon of hip wi'h 
splint, illustrated case 190 
Histoneal approach, 3 
Iformore*, sex, deficirncy of. os 
teoporos’a due to, 2(5 
Humerus, a-ia’om/caj featam, ti 
fractures of, 67 

external skeletal fixatien in, 
Irdicatiori for, 59 
radial nerve injury In. 
shaft, f-0 

comm. nut**!, x rays ia. €f 
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Humerus, fractures of, shafti «t' 
tecnal sl.etetal flxatioo 
in, anesthesia for, 60 
appUcation of, 60 
connecting bar applica* 
tion, 63 

length of immobilization, 
6S 

pm insertion, €0 
sites of, 62 

postoperative care, ^5 
preparation of patient, 
60 

of splint, 60 

reduction of, with splint, 
63 

tranrerse, routine iinpac* 
tion in, 67, 67 
with malunion, ease report 
and x*ra79, 6i 
with marked interposition 
of aoft tissue, x rays in, 
68 

supracondylar, 60 

and intercondylar, with 
marked displacement, 
* rasrs in, 70 

splint, 57. 58. 69, 2C0, 260 
pm bars for, 262 
measurements, 203 
pins for, 261 
measurements, 261 
projected pm bar, 57. 268 
supracondylar, 69 
Hypertherm treatments of pa- 
tient with pin fixation, thermal 
necrosis following, 252, 258 
Hypoprotememis as cause of de- 
layed union and nonunion, 27 

iMMOBn-KA-no-*!, interrupted, as 
cause of delayed union and 
nonunion, 26 

plaster, prolonged, as cause of 
delayed union and nonunion, 
27, 175 

Impacting adjustability of Stader 
splint. 8 

Impaction, controlled, in trans- 
verse fractures of femoral 
shaft, 101 


Impaction, controlled, in trans 
verse fractures of humerus, 
67. 67 

too strong, results of, 23 
Incidence of fractures m the Ser- 
vice. 19S 

Infection about pm sites, pm 
seepage and, differentiation, 
9 

in fractures of mandible, 32 
Injuries associated with com- 
pound fracture, splint as aid 
in care of, 162 

Instruments for application of 
Stader splint, H, 268 
Intravenous anesthesia, 222 See 
also .4nes(Aesia, tatraieyioui 
Introducbon, 1 

Irritation, local, as cause of pm 
seepage, 11 

Jaw, lower See MandMe 
Joint activity as factor m healing 
of fractures, 26, 27 
Joints, arthrodesis of, 186 

KifcsciiNER wires, historical note, 

3 

Knee joint, arthrodesis of, exter- 
nal skeletal fixation in, 
application of, 166 
illustrated case, 187 

Lamars, 4 

Leg, lower, cross section, showing 
pm insertion, 126, 126 
fractures of, 108 
incidence, 127 
malunited, osteotomy for, 
use of splint in, 181 
Local infiltration anesthesia, 202 
See also Anesl/iena, heal »n/H- 
(rstion 

Lock nuts of Stader splint, 18k 

MAjAKCLtsiov as problem in 
fractures of mandible, 31 
'llalunion, old fractures with, 179 
corrective osteotomies for, 
value of external skeletal 
fixation in, 179 
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Malunion, old fractures ^Mth, ex- 
ternal skeletal fixation mi, 
application of, In fpccta) 
fractures, 181 
nerve Involvement in, 185 
ilalunited fractures of femoral 
shaft, Stader splint and cor- 
rective osteotomy }n, fllus- 
trated ease, JSO 
of humerus, case report and 
x-rays, Ci 

of ulna -with anterior di«locn- 
tion of head of radius, use 
of splint in, illustrated case, 
8S 

special, corrective osteotomy 
for, external skeletal fixation 
in, 181 

Mandible, anatomical features, SO 
fractures of, 31 
control of toothless frag- 
ment, problem of, 31 
dcntulous mandible, 34 
displacement of edentulous 
fragment in, 32 
edentulous mandible, 33 
external skeletal fixation m, 
advantages of, 35 
anesthesia for, 37 
application of. 37 
connecting bar application. 
40 

disadvantages of, 30 
errors in treatment, 52 
pin placeraents, 38, iO-iS 
postoperative care, 52 
preparation of patient. 37 
infection nt fracture site as 
problem, 32 

malocclusion os problem, 31 
multiple, 34 

of edentulous mandible 
with few remaining 
teeth, X rays. iS 
splints connected to each 
other in. 51 

with few remaining teeth, 
splints in place, 19 
osteomyeltls complicating. 32 
reduction of. with splint. 
40 


Mandible, fractures of, t>pes 
from standpoint of treat 
ment by ettornsl f tatmn 
32 

with edentulous proximal 
fragment and feu remain 
mg or worthless Ucth in 
di«tnl fragment, 74 
»ilb injury to ora! cavity or 
nasopharynx. 35 
with long edentulous proxi 
mal fragment. 33 
with loss of bone sulstance 
35 

with short edentulous proxi 
mal fragment, 73 
with short proximal frag 
ment, x r iv « be 
fore rcdjc rr iS 
after redur') * and 
applicatu of 

splint. iT 
aites of pin in«enion, -■ 
splint. 37. 37, .78, 2C0, S' 
applied 10 fracture ar^enor 
to angle of mambtle s' 
to fracture of synphysu 
region, ff 

front and side views on pv 
tient, 47 

layout and accesflones 39 
multiple unit, SI 
pin bars for, !C: 

measurements, 2'i7 
pins for, sei 

measurements, ZCl 

Marine Corps, fractures in 
causes of, 

Jlcchanical principles of Sta l«-r 
splint, n 

problem, treatment of fractures 

Sicilian nerve block, tr-hniqie 

210 . Stl 

Metallic pm*, bene reaction a! 
Jxeent to x ray study of. 2-72. 
234 ftcfv also rrocfie"* 

Metycaine for brachial plexn* 
and nerve b{«l.», 
for local inhltratlen ares'heiU 
202 . 
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Morphine in prevention o£ shock, 
6 

postoperative use, in compound 
fracture, 168 
preanesthetie use, 201 
Motion at fracture site as si^ of 
nonunion, 28 

Mu'cle activiti as factor in heal 
Jng of fractures 26, 27 
Muscles, severed, treatment of, m 
compound Iracture, 166 

Navy, fractures in, cause of, 198 
Needles, brachial plevus and 
nerve blocks, 206, £08 
continuous spinal, 218, S£0 
intravenous, 223, SSi 
local infiltration, 202 £08 
single injection spinal, 214,214 
Neosynephrin, administration of, 
during spinal anesthesia, 218 
Nerve block, 206 See also Anes* 
(Aests, nerte block 
at elbou, technique, 210, £11 
involvement is malunited free 
tures, 185 

Nerves, suture of, in compound 
fracture, ICS 
Nonunion, 25 

bone grafting fn, external 
skeleta fixation as aid, 29, 
1D2 

causes of, il 
definition of 28 

external skeletal fixation in 
prevention and treatment, 
29, 192 

in transverse fractures of lower 
third of tibia, 127 
causes of, 128 
of shaft of femur, 101 
of fracture of radius, bone 
grafting after application 
of splint, illustrated case, 
5S5 

of tibia, bone grafting after 
application of splint. Ulus' 
trated cases igs, 198, 1^6 
old cases of, 175 
bone grafting m, splint as 
aid, 177 


Nonunion, old cases, bone graft- 
ing m, splint as aid, illus- 
trated cases, 176, 178 
external skeletal fixation in, 
advantages of, 175 
ill effects of prolonged im- 
mobilization in plaster, 27, 
175 

osteoperiosteal graft with 
controlled skeletal fixation 
in, 176, 177 , 178 
process of fracture healing 
and, 25 

Objectives in fracture treatment, 
1 

Oblique fractures, accelerated 
healing of, with external fixa- 
tion, 256 

Old fractures with roalunton, 179 
Old ununited fractures, 173 
Ott treatment of compound frac- 
tures with osteomyelitis, disad 
vantages of, 171 
Os caleis, fractures of, 137 

anatomical considerations, 

139 

BShler’s contribution to 
treatment, 137 
compressed and comminuted, 
144 

new approach to treatment 
of. 138 
diagnosis, 142 

disability m bad results, 141 
incidence, increase in, 137 
pain following treatment, 141 
pathological considerations, 

140 

piaster transfixation in, 137 
prolonged immobilization in, 
demineralization of bone 
due to, 142 

reduction fixation splint in, 

after-care, 146 
application of, 144, 144 
case reports, with photo- 
graphs and X rays, 
148. 356-156 
end results, I4S 
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Os colcis fractures of, reduction 
fixation splint in, 
period of immobihza 
tion, 148 

pm insertion, 145, JiZ 
reduction of shortening 
and disparity of tuber- 
jQint angle and widen | 
Ing of the fractured 
bone, 14G 

sunimar) and eonclu 
sions, 155 

Bubastragaloid joint m>olve 
ment, 140 

tuber joint angle dispantj, 
140 I 

osteotomy of, use of splint in. 185 
splint, 138, J44, 2C0. £60 
pm bars for, 202 
measurements, 2C3 
pins lor, 26t 
measurements, 201 
tuber joint angle, 140 
degree of disparity m 
fracture 140 
Osseous See /lone 
Osteogenesis m fracture healing. 
2G 

Osteomjehtis complicating frac 
ture of mandible, 32 
compound fractures wth, 171 
See also under Compound . 
/raetiiret j 

in old onunited fracture*, osteo- 
periosteal graft with con J 
trolled skcletnl fixation m, 
177, jrs ' 

pm seepsge and, 243 I 

Osteoperiosteal graft In old un* | 
united fracture, splint n« old j 
176 177. 17S 

OsteoiMiro^is, absence of, follow- | 
mg external fixation, 259 ■ 

postmenopausal, 27 , 

senile, 27 

Osteotomy, corrective, for mal- i 
unltM fracture, external | 
sleietal fixation in, value of. 
179 i 

of femur, use of splint* In, !•'’ t 
1F4 Sfi, 185, IfS 


Ostcotomi of fibula u« ' of spin t 
in 181 

of o« evicts use of «p}(nt in 
185 

of radius, use of splint in 181, 
J»S 

of tibia, use of splint in 181 
of ulna use of splint in 1*51 
ISS 

pARkifliL bone clvnip historical 
rote, 3 

Pelvis, fractures of 107 

adjustable hammock for 
treatment of, £76, f •• S7S 
£79 

multiple X rajs m ;t < 

Pentobarbital preane'ithilii. u<e 
201 

Pcntothal sodium ancsthi * 222 
See at«o /InesfAecia 'o r 
nous 

Periosteal reaction, cxccsm^c to 
pm insertion, SH, 
localized, adjacent to vutallie 
pm, 239. til, tit 

Pm or pins 

ns'cmblj. proper size, mp^r 
tance of, 21 

bars for Stnder splints, tti 
measuremerts, 253 
projected, ffit 

m humerus splint 5"' 
right angled, tsi 
blocks, fiber, nonelectndytk 
249 

cutter, JiS, S6i, 263 
drilling for, pirlimlnarj un *e 
virabilitj of, 22 
driUirg of, method 16 , 16 
too rapid or unsteady, 22 
umtead) or improper a* 
cause of ekirt teniioi a'‘d 
seepage, 9 10 

electrolytic action l-ciwren 
lore reactiiTs dj« to 21^ 
51 V 

fixation, Hitoncal r^*e. 3 
hammering n, eorlic*! splln'er 
irg by 23'‘. :16 

ba-dle £ei 
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Pins or pins 

insertion, avoidance of frac 
ture line !38, 2"i9 
bone reactions to See Pin re- 
actions 

correct, x ray appearance 
337, 238 

errors in, 22 j 

faulty, reactions due to, 249 
X ray findings, S3S 
hand-operated flexitde shaft 
drill for, 14 SS4 
m badly comminuted frac- ' 
tures of loiver end of 
radius, 87 

in fracture hematoma, 11 
in fractures of clavicle, 54 
of femoral shaft 90 
fitea of, SI 

of humerus shaft, 60 
sites of 6S 

of lower leg sites of. Its 
of mui dible 38, 40-4S 
sites of 50 
of os CdUis 145, HT 
of radial shaft 73 
sites of “i 

of tibia nith long proximal 
and distal frag 
nenu 109 

fiuciri' scopic and x ray 
Control, 113 
of ulnar shaft 79 
in subtrochanteric fractures 
of femur 102 

into marked!) demineralized 
or soft cancellous bone, as 
cause of seepage 11 
method, 16, 15 le is 
through both cortices impor- 
tance of, 16 22 
through traumatized or de 
vitalued soft tissues as 
cause of seepage XI 
locking, in pin bir 17 27 
loose, as cause of seepage, 10 
movement of skin about, as 
cause of seepage, 9 
reactions, x-ray study 232, 234 
after removal of pm, tSS, 
SSI SSS 


Pm or pms 

reactions, x ray study, electro 
lytic action between pms, 
Z46, SiS 

faulty insertion, 249 
immediately after insertion 
of pin, 234 

mild or silent reactions 
without clinical signifi 
eance, 239 

osseous rarefaction, 244, 
SiS 

periosteal reactions, exces 
sive, 244, SiS 
localiied, 239, HI. US 
pm in situ, 239, SiO SiS 
thermal necrosis following 
use of electnc bone drill, 
250, SS0-SS3 

zone of demineralization, 
241, SiS, Sii 

removal, x-ray appearance of 
bone after, 253, SSi, SSS 
seating of, improper, as cause 
of seepage, 10 
se«page, 9, 242 
causes of, 9, 242 
infection about pm sites and, 
differentiation, 9 
osteomyelitis and, 243 
sites, care of, in fractures of 
femoral shaft, 100 
track, following partial with 
drawal of pin, SSS, 237 
units of Stader splint. 13, H 
used with Stader splint, SSI 
measurements, 261 
Planes of fracture lines, im- 
portance of diagnosis, in frac- 
ture reduction, 20 
Plasma, administration of, in 
compound fractures, 165 
in shock, 6 

in military service, 173 
historical note, 4 
prolonged, as cause of de 
layed union and nonunion, 
i 27, 176 

transfixation, In fractures of 
I os calcis, 137 
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Pla«tcr transfixation 5n fractures 
ol tibia and fibula, appraisal 
of, 129, 131, 133 
Postmenopausal osteoporosis, 27 
Postoperative care, improper, as 
cause of poor results, 23 
in fractures of claricle, 56 
of femoral shaft, 100 
of humerus shaft, 65 
of mandible, 62 
Prcanesthctic preparation, 201 
Pjcoperatire preparation in frac- 
tures of humerus, CO 
of mandible, 37 
of radial shaft, 73 
Pressure bandage, application of, 
in compound fractures. 167 
Principles of fracture treatment, 1 
of Stader reduction and fixa 
Hon splint, 7 

Proeame for brachial plexus and 
nerve blocks, 200 
for continuous spinal nnes 
thesitt, 218 

preparation of solution, 219 
for local infiltration anesthesia, 
202, 203 

for single micction spinal an- 
esthesia. 214 

preparation of solution, 217 
Protein deficiency as cause of de- 
Ia>cd union and nonunion, 27 

IUpul nerve, block, technluuc 
of, 2II, SIJ 

Injury, in fractures of hu- 
merus, CO 

Radio-ulnar dislocation, osteot- 
omy of radius for use of splint 
in, JSJ 

Radius, anatomical features, 
dislocation of, anterior, head, 
with malonlted fracture of 
ulna, osteotomy for, splint 
in. JSg 

fracture-dislocation, lower end. 
84 

fractures of, »l 

malunltetl, corrective Of*e' 
otomy for, external skele- 
tal fixation In. 181, ISS 


Radius fractures of ^haft 71 

exferm? «l.clctfil fixation 
In, advantages of and 
indications for 73 
anesthesia for, 7 . 
application of, 73 
connecting lar a«5embJy 
application, 7C 
pm placements 77 
sites of, 7i 

preparation of patient 
73 

reduction of fracture 7G 
functional restoration 73 
lower third, 72 

badlj comminuted fc4 
application of splint 
87 

pin placemen' 
reduction of t* 
comminuted, wi ^ 'rne 
lure dislociti r i «. of 
splint In, ’S 
middle third, 71 
reduction, difficult) in 

maintaining, 72 
menipulatl\e 72 
with splint, 7C 
nnunited, bone graftu^ 
after application f 

splint, lllustratl'o ca- 
165 

upper third. 71 
walh ulnar fracture 79 
oppIieatJoft of rplint, SI 
functional activity n 
splint, S3 

illustrated cases SO, s: 

84 , ss se 

period of Inmobilixa 
tlon in splint, S3 
reduction of. B1 

tpliri, 75. 77. SO :n 

applied to comnlnated fr»c 
lure ard fracturcM'idx-a 
tlon of lower end, 7S 
pin bars for, iSS 
measureren's, CCS 
pins for, :si 

meaxurrments, 2^1 
Rreurds, caw*, imporlarfe of 23 
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Pins or pins 

insertion, avoidance of frac- 
ture line, Si8 S'?® 
bone reactions to See Pin rf 
aetiont 

correct, x ray appearance 
SS7. 238 
errors in, 22 

faulty, reactions due to, 249 
X ray finding* SS8 
hand-operated flexible shaft 
drill for, H, S€i 
in badly comminuted frac 
tures of lower end of 
radius, 87 

in fracture hematoma ll 
in fractures of clavicle 54 
of femoral shaft 90 
cites of, Si 

of hamerus abaft, 60 
sites of CS 

of lower leg, sites of, tS6 
of mandible 38, iO iS 
site of SO 
of os cdlcis 145 H7 
of radul shaft, 73 
sites of 

of tibia with long proximal 
and distal frag 
ments 109 

fluoro copic and x ray 
control, 113 
of ulnar ^haft "9 
jn subtrochanteric fractures 
of femur 102 

into Diarkedl} demineralized 
or soft cancellous bone, as 
cause of seepage 11 
method, 15, is iS ig 
through both cortices, impor- 
tance of, 16 22 
through traumatized or de- 
vitalized soft tissues as 
cause of seepage \\ 
locking, in pin bar 17 J7 
loose, as cause of seepage, 10 
movement of skin about, as 
cause of seepage 9 
reactions, x-ray study 232, 234 
after removal of pm, fss, 
SSi. S5S 


Pm or pm 

reactions, x ray study, electro- 
Ij'tic action between pins, 
sie, si8 

faulty insertion, 249 
immediately after insertion 
of pin, 234 

mild or silent reactions 
without clinical signifl 
cance, 239 

osseous rarefaction, 244, 
2ie 

periosteal reactions, exces 
sive, 244, Si6 
localized. 239. Sii, Sis 
pin in situ, 239, SiO-SiS 
thermal necrosis following 
use of electric bone drill, 
250, S5l>-SSS 

zone of dernmeraUzation, 
241, SiS, Sii 

removal, x-ray appearance of 
hone after, 253. SSi, S5S 
seating of, improper, as cause 
of seepage, 10 
seepage, 9, 242 
causes of, 9, 242 
infection about pin aites and 
differentiation, 9 
osteomyelitis and, 243 
sites, care of, in fractures of 
femoral shaft, 100 
track, following partial mth 
drawal of pm, SSB, 237 
units of Stader splint, 13. H 
used with Stader splint, S61 
measurements, 2G1 
Planes of fracture lines, im- 
portance of diagnosis, in frac- 
ture reduction, 20 
Plasma, administration of, in 
compound fractures, 165 
in shock, 6 

in military service, l73 
historical note, 4 
prolonged, as cause of de 
layed union and nonunion, 
27, 175 

transfixation, in fractures of 
os talcis. 137 
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Plnstcr transfixation in fractures 
of tibia and fibula, appraisal 
of, 129. 131, 1S3 
Poatmenopaasal osteoporosis, 2T 
Postoperative care, improper, as 
cause <tf poor nsaits, 53 
m fractures of clavicle, 56 
of femoral shaft, 100 
of humerus shaft, 65 
of mandible, 52 
Preanesthotic preparation, 201 
Preoperatnc preparation in frac* 
lures of humerus, 60 
of mandible, 3? 
of radial shaft, 73 
Pressure banda;re, application of, 
in compound fractures, 167 
Principles of fracture treatment, 1 
of Stadcr reduction and fixa* 
tion splint, 7 

Procaine for brachial plexus and 
nene blocks. 306 
for continuous spinal anes 
thesis, 218 

preparation of solution. 219 
for local infiltration anesthesia. 
202. 203 

for sinitlc injection spinal an> 
esthesia, 2t4 

preparation of solution. 217 
Protein deficiency as cause of de- 
la>ed union and nonunion, 27 

Hadial nerve, block, technique 
of. 211. SJJ 

Injury, in fractures of hu- 
merus. 60 

Radto-ulnar dislocation, osteot- 
omy of radius for use of splint 
in. 3 Si 

Radius, anatomical feature*, 73 
dislocation of, anterior, head, 
irlth malunitcd fracture of 
ufna, osteotomy for, spffat 
in. Js*? 

fracture-disJocation. lower end, 
84 

fractures of, 71 

mslunited. corrective ofte> 
ctomy for, exJerraJ skele- 
tal fttallon In. IFI. 1F3 


Radius, frueturw of. •haft, 71 

external skeletal fixation 
in, advantapes of and 
indications for. 73 
aresthesia for, 73 
apphcatian of, 73 
connectifig bar assembly 
application, 76 
pm placements. 73 
sites of. Ti 

preparation of patient, 
73 

reduction of fracture, 76 
functional iT«toration, 73 
lower tlsird, 7* 

badly comminuted S4 
application of splint, 
87 

pm placement* oT 
reduction of, 
comminuted witn frse* 
ture-disWntior -»e of 
splint m. T5 
middle third, 71 
reduction, dil^cu(t> in 
mainuinmtr, 73 
msnipulatite. 72 
with splint, 76 
unorited, liono grafiJi'i 
after application ff 
splint, illustrative ca**- 

as 

upper third. 71 
with ulnar fracture 7D 
application of splint, 81 
functional activity in 
spllrt, S3 

illustrated ca*e*, fO, fi. 

8i, SS, se 

penod of Immo^niia 
tion in splirt. R3 
redueUon of, *1 
splint, rf, 77. $0. A*. SCO, UO 
•ppfietf fa ccwm/iTtffed fr*c- 
ture and frset«re-dl«loca 
ti^ft of Jowv end, 7S 
pin bar* for. !ft 
Treasormve-ts. 263 
pm* for, :«t 

rreaiuTwi^rt* t*"! 

Record*, c**^. irrportance of, t3 
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PeJuction of compound fractures, 
165 

of fracture, deficient, as cause 
of delayed union and non- 
union, 27 

manual, indications for, 19 
preliminary to use of 
splint, 23 

of femoral shaft, 95 
of forearm, both bones, SI 
of humerus shaft, 63 
of lower end of radius and 
ulna, badly comminuted. 87 
of mandible, 46 
of oa calcis, 146 
of radial shaft, manipula* 
tive, 72 
with splint, 76 
of tibia with long proximal 
and distal fragments, 
111 

fluoroscopic and x ray 
control, 113 

with Stader splint, delayed, 
indications for, 18 
diagnosis of planes of IraC' 
ture lines, 20 
errors in, 22 
method of, 18, IS 
xray guidance, 18 
unit, of Stader splint, 13, li 
Hepair, bone, process of, 

Riedel, 4 

Ring sequestrum following use of 
electric bone drill, 250, SSQ- 
SSS 

Roentgenologic study See X-ray 
ttvdy 

SCIIASTZ, 4 

Sedation, preancsthetic, 201 
Seepage, pm, 9 See also Pxn 
seepage 

Selection of cases, errors in, 21 
td errors ^n, "gl 

Senile osteoporosis, 27 
Senility as cause of delayed 
union and nonunion, 27 
Sequestrum, ring, following ose 
of electric bone drill, 250, SS0~ 
252 


Sex hormones, deficiency of, os 
teoporosis due to, 26 
Shell fragments, removal of, in 
compound fractures, 166 
Ships, treatment of fractures by 
skeletal traction on, 2GS 
Shock m compound fractures, 
combating, external fixa* 
tion as factor, 160 
management of, 165 
in fractures, 6 

contributing factors in war, 6 
control of, initial effort di- 
rected to, 1 

early diagnosis, importance, 6 
early immobilization as pre- 
ventive, 6 

plasma in treatment of, 6, 
165 

Skeletal fixation, defimto, abort- 
comings of, 8 

external See External sMetal 
fxaixon 

Skeletal traction, treatment of 
fractures at sea by, 268 
Skin, movement about pins, as 
cause of seepage, 9 
tension, as cause of pm seep- 
age, 10 

excessive, m pm insertion as 
factor in poor results, 22 
Soft tissue injury m reduction 
with splint, 23 

interposition between frag- 
ments. 23 

traumatised or devitalized, In- 
sertion of pins through, as 
cause of seepage, 11 
Spinal anesthesia, 212 See also 
/tnestAeno, spinal 
Spine, fractures of, traction to 
head in, with antipendulum ex- 
tension apparatus, 275 
Spiral fractures, accelerated 
'nealing ol, wifn cxtemtfi fixa- 
tion, 256 

Splint, Stader See Stader spUnt. 
Splints, Thomas, use with anti- 
pendolum extension apparatus 
and fracture frame, !7S, t73, 
S7S 
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Stader spimt, 13, li, IS, IS, 
SCO, seo 

accessories, SCi, 2C5 
active joint motion possible 
with, S 

adjusting mechanisms, 13, 14 
advantages of, 7 
ambulatory treatment possible 
with, 8 

application of anesthesia for. 
200 

instruments for, 14 
to tibia, method, 13, 15 is • 
as reduction and immobilising j 
agent, 7 

clavicular, 55, 260, S60 I 

contramdieat^ in children, 24 
construction of, 13, H 
control of fragments with. 

mechanical principles 13 
correction of fragment dis 
placements vith, method of, 
18, IS 

errors in treatment bj, 21 
femoral, so, 2 C 0 . sso 
for transflxation of hip joint. 
JSS 

tubtroehantcnc, 102, 404. 

105 

for tanous hones, jlJustrated 
2C0 

humeral, 5T, 5S, 59, 260. UO 
sopniconJjlar, C* 
impacting adjustability of, 6 
improved x ra> films with 
reasons for, 232 
in compound fracture*, jm 
portance of, ICO 
mandibular, 37, J?, 3S. 2r0, SSO 
applied to fracture anterior 
to angle of mandible, S7 
to fracture of symphjsis 
region, Sf 

front and side Me«*s on 
patient, 4" I 

tajoui and accessories, SS | 

multiple unit. 51 . 

mechanical principles, 13 t 

‘ndnof. 4 ’ 

M calcis. 138 Hi tfO.StO f 

pin bar* for. T5S 


j Stader splint, pin Lars for mess 
' urements, 2o3 

pins for various t>pts meas 
urcipents, CGI, lei 
placerient of, errors in 22 
principles of, 7 

radius 75 “*7 si *2 2f0 SfO 
applied to commiruicd frac 
and frsctu’c di'lncatiin o' 
lower crd. *5 

reduction of fractures ml h 
delajed /n<J/catfon* for 13 
diagnosis o' plane* ' frac 
turc lines 20 
errors in 22 
method of 18 J5 
X rai guidance 18 
reduction unit, 13 44 
relation to pro'Iem c' J‘ed 
union and nonunion 
•chcmaUc drawings 4-» 
stabiiitj imparti^ b\ c r / 
findings 233 
tibial 2C0 set) 
regular, 4/0 

with rpeeial right anirieJ p n 
unit, IIG lie ISl 
types and uses 21*0 “fo 
ulna, 79. to 2f0, SCO 
w of proper sue, imp rtar 
of. 21 

weight bearing with 8 
Stemm^nn pm, historical no’f 
Subastragaloid joint nvoltt 
ment in fractures of os calc * 
140 

Subtrochanteric fractun* of 
femur, 103 

Sulfadiazine, intravcrouf t.*e In 
compound fractures, \ 
oral use in compound frsc 
turen, IPO 

Solfannamide, local in,!arla 
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Sulfonamides, local implantation 
of, in compound fractures, 166 
use of, in compound fractures, 
169 

Supracondylar fracture of femur 
with marked downward dis 
placement of distal fra^ent, 
X rays, 98 
of humerus, 69 

Sutures, buried, in compound 
fracture, dangers in, 166 

Syringes, brachial plexus and 
nerve block, 206, $08 
continuous spinal, 218, SSO 
intravenous, 223, gsi 
local infiltration, 202, $04 
single injection spinal, 214, $J4 

Temions, severed, m compound 
Iraetures, management, 165 

Tetanus prophylaxis in com 
pound fracture, 168 

Thermal necrosis due to too 
rapid drilling of sharp pm 
or prolonged drilling of dull 
pin, 12 

following use of electric bone 
drill, 250, SSO~$SS 

Thigh, cross section, showing pin 
insertion, 91 

Thomas splints, use of, with anti* 
pendulum extension apparatus 
and fracture frame, $7$. $78, 

sn 

Thrombophlebitis, postoperative, 
in fractures of femoral shaft, 
treatment, lOO 

Tibia, anatomical features 1S6 
and fibula, fractures of, 108 
classification, lOS 
external skeletal fixation 
in, 103, 109 

application of according 
to type of fracture, 
109 

case reports, with x* 
rays. ISO 131, jss, 
133, ISi. 13S 
chemical analysts, 128 
time for removal of 
splint, 116 


Tibia and fibula, fractures of, in- 
cidence, 127 

nonunion and delayed 
union in, 127 

sites of pm insertion, 12B 
use of transfixation pins 
incorporated in plaster, 
appraisal of, 129, 131, 
133 

Tibia, fractures of, 108 

application of Stader splint, 
mechanical principles and 
method, 13, IS, IS 
compound, external skeletal 
fixation m, 163 
illustrated case. 161 
treated after twenty hours, 
163, 164 

with associated injuries, 
external fixation m, 163 
distal end. comminuted, 120 
anesthesia in, 123 
application of right- 
angled unit to os cal- 
cis, 120, ISJ 

transverse, nonunion and 
delayed union in, 
127 

causes of, 128 
incidence, 127 

malunited. osteotomy for, use 
of splint in, 181 
multiple, with short proximal 
fragment and com 
minuted distal frag 
ment, 123 

application of aphnt in, 
123, J$4 

old, ununited, splint as aid 
to bone grafting in, 176, 
178 

osteomyelitis complicating 
Lane plate, x-ray appear- 
ance after immobilization 
with Stader splint, 238 
shaft, compound, use of 
splint in, illustrated 
case, 17$ 

transverse, retarded union 
svith external fixation, 
356, $57 
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Tibia, fractures of, shaft, un 
united, bone jrrsiftinB after 
application of splint, illns 
tratcd cases, iii, J 9 i { 
J<»S I 

snth long proximal and or 
distal fragments 10& 
appheaUon of eternal ad 
iusting assembly, 110 j 
check X rays and secon 
dary adjustments 113 , 

length of immobihiaUon in 
splint, 113 ' 

pm placements, lOD 

fluoroscopic and x ray 
control, 113 
reduction of, Hi 

fluoroscopic and x ray I 
control for. U3 
sites ot splint place- 
ment, 100 

weight iMsannc m 115 
with short proximal or distal j 
fragments. IK ^ 

special right angled pm 
unit in, IK, Jie ijr, 
118. 119 
splint, 200, SCO 
pm bars for, S6! 

measurements, 2C3 
pins for, S81 
measurements, 201 
regular, 110 

applied to anteromedial j 
surface of leg for 
spiral fracture. 59 
to Jong distal fragment. 
IK 

to medial surface of leg 
for comminuted spiral 
fracture of mfdshsft, 

m 

with double right angled pin 
Units, application in ex 
tensfee fracture with short 
fragments 119 
with Hghl angled pm unit. 

lie ne j 

application l*i c*«e of slort j 
proiirral or dhtal frag 
n-enU I/«. II*. Ilf. ISO 5 


Tibia, •phnt vnth nght angled 
pn unit application to os cal 
CIS in comminuted fractures of 
distal end of tibia, tZZ 
Traction forceful and rapid dur 
tng reduction injuries due 
to 23 

•keletal treatmenr o! fractures 
at ‘ea by 

skin tension produced bj 10 
straight on extremity before 
reduction 23 

weigh* and pnllej develop 
ment of 2i> 

Transfixation me'hoiis hi«torical 
note 3 

of knee joint m arthr t » tv 
mears of sphrt J"* 
Transierse fractures o' i ai 
shaft retarded union » et 
temal fixation '5 
Traumatiied soft tissue rr 
tion of pins through a* •« 
of seepage 11 

Tray, brachial block ar 1 ler e 
block SOf 

cortinuou* spinal £10 
ether SSi 

local infihraiion anesthe* a ' 
pentolhal wmIiuti ffi 
single injection spmal an« 
thesia, fH 

Treatment of fracture* as 
mechanical proUers _ 
at sea by sfce’etal traclioi 
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Turnbuckle for adjustment of 
Stader splint, 13, H 
traction, in fractures of fem- 
oral shaft, 96 


Ulka, fracture dislocation, loner 
end, 84 

fractures of, 71 
malunited, corrective osteot- 
omy for, external skeletal 
fixation in, 181, JSZ 
shaft, 78 

application of splint, 79 
lower end, badly commin 
uted, 84 

application of splint 
87 

pm placement, 87 
reduction of, 87 
upper third, malunited. 
with anterior dislocation 
of head of radius, 8£ 
with radial fracture, 79 
application of splint, 81 
functional activity in 
splint, 83 

illustrated cases, 80, 8i. 
84. 8S, 86 

period of immobilization 
in splint, 83 
reduction ot, 81 
splint, 79, 80. 260. 260 
pm bars for, 262 
Tneasurements, 263 
pins for, 261 
measurements, 261 
thermal necrosis of, following 
hypertherm treatment, 252, 
253 

Ulnar nerve block, technique, til, 
212 

Union See Dclaytd unton and 
Nonunion 

Ununited fractures, old, 176 

bone grafting tn, splint as 
aid, 177 

Illustrated cases, 179, 
178 

external skeletal fixation 
in, advantages of, 176 


Ununited fractures, old, ill effects 
of prolonged immobiliza 
tion in plaster, 175 
with osteomyelitis, osteo- 
periosteal graft with 
controlled skeletal fixa 
tion m, 176, 177, 178 

Venipuncture for pentothal so 
dium anesthesia, 224 
Vitamin deficiency as factor in 
delayed union and nonunion, 28 

IV ALKINQ calipers, principle of, 8 
War, fractures in, differences 
from those in civilian life, 
199 

incidence of, 198 

Weight and pulley traction, devel- 
opment of, 266 

VV'eight bearing in fractures of 
tibia, 115 

•with Stader splint, 8 
VV'et dressings, use about pin 
Sites, as cause of seepage, 11 
Wire fixation, historical note, 3 
Wound, care of, in compound 
fracture, splint as aid in, ICO 
closure of, in compound free 
ture, 166 

excision or debridement of, in 
compound fractures, 165 
Wrenches for use with Stader 
splint. 14, ir, 264, 265 

X RAY or X-rays 
check, in fractures of tibia, 113 
control for pm insertion and re 
duclion in fractures of tibia, 
113 

criteria of fracture healing, 259 
films superior, with Stader 
splint, reasons for, 232 
guidance for reduction of frac 
tures with Stader splint, 18 
study of fracture healing and 
bone reaction adjacent to 
metallic pins used in exter- 
nal fixation, 232 
prevalent neglect of, 21 
therapy, as prophylaxis against 
gas infection, 168 



